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Development and evaluation of an intervention for the
prevention of childhood obesity in a multiethnic population:
the Born in Bradford applied research programme
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Background: There is an absence of evidence about interventions to prevent or treat obesity in early
childhood and in South Asian populations, in whom risk is higher.
Objectives: To study patterns and the aetiology of childhood obesity in a multiethnic population and
develop a prevention intervention.
Design: A cohort of pregnant women and their infants was recruited. Measures to compare growth and
identify targets for obesity prevention, sensitive to ethnic differences, were collected. A feasibility
randomised controlled trial (RCT) was undertaken.
Setting: Bradford, UK.
Participants: A total of 1735 mothers, 933 of whom were of South Asian origin.
Intervention: A feasibility trial of a group-based intervention aimed at overweight women, delivered
ante- and postnatally, targeting key modifiable lifestyle behaviours to reduce infant obesity.
Main outcome measures: The feasibility and acceptability of the pilot intervention.
Data sources: Routine NHS data and additional bespoke research data.
Review methods: A systematic review of diet and physical activity interventions to prevent or treat obesity
in South Asian children and adults.
vii
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Results: Routine measures of growth were accurate. The prevalence of risk factors differed between
mothers of white British ethnicity and mothers of Pakistani ethnicity and weight and length growth
trajectories differed between Pakistani infants and white British infants. Prediction equations for risk of
childhood obesity were developed. An evidence-based intervention was evaluated in a pilot RCT and was
found to be feasible and acceptable.
Limitations: This was a single-centre observational study and a pilot evaluation.
Conclusions: The programme has been successful in recruiting a unique multiethnic childhood obesity
cohort, which has provided new evidence about modifiable risk factors and biethnic growth trajectories.
A novel group-based behavioural change intervention has been developed and successfully piloted.
A multisite cluster RCT is required to evaluate effectiveness.
Trial registration: Current Controlled Trials ISRCTN56735429.
Funding: The National Institute for Health Research Programme Grants for Applied Research programme.
ABSTRACT
NIHR Journals Library www.journalslibrary.nihr.ac.uk
viii
Contents
List of tables xi
List of figures xiii
List of boxes xv
List of abbreviations xvii
Description of ethnic classification xix
Plain English summary xxi
Scientific summary xxiii
SYNOPSIS 1
Interventions to prevent obesity 1
Born in Bradford 2
An applied research programme on childhood obesity 3
Recruitment of the BiB1000 cohort to investigate childhood obesity 3
Modelling growth trajectories and obesity risk 3
Ethnic differences in obesity risk factors 3
Early risk factors for childhood obesity 3
Systematic review of diet and physical activity interventions to prevent or treat obesity
in South Asian children and adults 3
Investigation of social and environmental determinants of childhood obesity 4
Development of an obesity prevention intervention 4
Exploratory trial of the obesity prevention intervention 4
Programme management 4
Clinical engagement 5
Patient and public involvement 5
Recruitment and data collection for the BiB1000 cohort to investigate
childhood obesity 7
Modelling growth trajectories and obesity risk 9
Modelling growth trajectories 9
Development of a mobile phone app to predict childhood obesity 10
Ethnic differences in obesity risk factors 11
Ethnic differences in the initiation and duration of breastfeeding 11
Ethnic differences in infant diet (see Appendix 1.1) 11
Infant sleep patterns (see Appendix 1.2) 12
Physical activity (see Appendix 1.3) 12
Ethnic differences in parenting style 13
Early risk factors for childhood obesity 15
ix
DOI: 10.3310/pgfar04060 PROGRAMME GRANTS FOR APPLIED RESEARCH 2016 VOL. 4 NO. 6
© Queen’s Printer and Controller of HMSO 2016. This work was produced by Wright et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.
Systematic review of diet and physical activity interventions to prevent or treat
obesity in South Asian children and adults 17
Investigation of social and environmental determinants of childhood obesity 19
Investigation of social and environmental determinants of childhood obesity
(see Appendix 1.4) 19
A mealtime observation study: obesity, ethnicity and observed maternal feeding styles
(see Appendix 1.5) 20
Researcher-conducted home food availability inventories 21
Food outlet availability, deprivation and obesity in a multiethnic sample of pregnant
women in Bradford, UK 21
Using intervention mapping to develop a culturally appropriate intervention to
prevent childhood obesity: development of the Healthy and Active Parenting
Programme for Early Years intervention 25
Feasibility randomised controlled trial of the Healthy and Active Parenting
Programme for Early Years intervention 31
Conclusions and recommendations 35
Summary 35
Conclusions from our research 36
Recommendations for research 38
BiB1000: a cohort for the study of childhood obesity 38
Child growth 38
Ethnic differences in risk factors for childhood obesity 38
Determinants of childhood obesity 38
Systematic review 39
Obesity intervention trial 39
Acknowledgements 41
References 49
Appendix 1 Reports of studies not yet published 61
Appendix 2 Further details of data collection instruments 105
Appendix 3 Full texts of publications that are not open access 111
Appendix 4 Born in Bradford and the Twins Grow Up 157
CONTENTS
NIHR Journals Library www.journalslibrary.nihr.ac.uk
x
List of tables
TABLE 1 Key intervention content: antenatal sessions 27
TABLE 2 Key intervention content: postnatal sessions 28
xi
DOI: 10.3310/pgfar04060 PROGRAMME GRANTS FOR APPLIED RESEARCH 2016 VOL. 4 NO. 6
© Queen’s Printer and Controller of HMSO 2016. This work was produced by Wright et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

List of figures
FIGURE a Outline of programme workstreams xxiii
FIGURE 1 The Healthy Infant Weight? app 10
FIGURE 2 Consolidated Standards of Reporting Trials (CONSORT) flow diagram
of study recruitment and retention 32
xiii
DOI: 10.3310/pgfar04060 PROGRAMME GRANTS FOR APPLIED RESEARCH 2016 VOL. 4 NO. 6
© Queen’s Printer and Controller of HMSO 2016. This work was produced by Wright et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

List of boxes
BOX 1 Coding categories for parent behaviours 107
BOX 2 Coding categories for infant behaviours 108
xv
DOI: 10.3310/pgfar04060 PROGRAMME GRANTS FOR APPLIED RESEARCH 2016 VOL. 4 NO. 6
© Queen’s Printer and Controller of HMSO 2016. This work was produced by Wright et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

List of abbreviations
BiB Born in Bradford
BMI body mass index
CI confidence interval
CVD cardiovascular disease
FLNP Family Links Nurturing Programme
GIS geographic information systems
HAPPY Healthy and Active Parenting
Programme for early Years
MCID minimum clinically important
difference
MOS Mealtime Observation Schedule
NICE National Institute for Health and
Care Excellence
NIHR National Institute for Health
Research
OA output area
RCT randomised controlled trial
SDS standard deviation score
xvii
DOI: 10.3310/pgfar04060 PROGRAMME GRANTS FOR APPLIED RESEARCH 2016 VOL. 4 NO. 6
© Queen’s Printer and Controller of HMSO 2016. This work was produced by Wright et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

Description of ethnic classification
Born in Bradford is a multiethnic cohort consisting of families from around the world. However, themain ethnic groups are of South Asian origin (Pakistani, Bangladeshi and Indian) and white British
origin. The large majority of the South Asian-origin families are of Pakistani origin. Much research into
South Asian health and well-being combines what are often very heterogeneous ethnic groups. A strength
of Born in Bradford is the homogeneity of the largest ethnic group of Pakistani origin. Methodologically
and statistically, the focus of much of the work in the programme has been on Pakistani and white British
comparisons. For completeness some of the analyses include a third category of ‘other’ ethnicities, which
includes non-Pakistani and non-white British children. When we refer to the terms ‘South Asian’ and
‘Pakistani’ we are referring to families of South Asian or Pakistani origin who have been born either in the
UK or in South Asia or Pakistan.
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Plain English summary
There is a gap in the research evidence on effective interventions to prevent and treat obesity,particularly in early childhood and for those of South Asian origin.
The ethnic diversity of the Born in Bradford (BiB) cohort means that we were able to compare:
l birthweights and growth patterns of children of different ethnicities
l what young children eat
l what adult expectations there are around eating
l the way that adults interact with children at mealtimes.
We found ethnic differences in breastfeeding, infant diet, sleeping patterns and types of physical and
sedentary activities that children engaged in:
l South Asian children were lighter at birth than white British children but gained weight and length
quicker in infancy.
l South Asian and white British children were of similar weight at age 2 years but South Asian children
were taller on average than white British children.
l White British mothers breastfed for less time and weaned earlier than South Asian mothers.
l South Asian mothers were less physically active and had higher rates of gestational diabetes.
l South Asian families ate more fresh fruit and vegetables and drank more sugary drinks in the home
than white British families and white British infants ate more processed meats.
l Infants were more likely to be overweight/obese at 3 years if the mother was obese and also if the
mother smoked during pregnancy.
l Obese mothers were most likely to use positive comments during feeding but were less likely to set
limits or boundaries on what children ate.
We have used the collected evidence to develop an intervention programme that acknowledges the
diversity of needs among British families and is aimed at parents whatever their ethnic or cultural
background. This Healthy and Active Parenting Programme for early Years (HAPPY) has been tested in a
pilot study with encouraging results.
xxi
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Scientific summary
Childhood obesity is a major global public health threat that impacts on health and well-being inchildhood and through to adult life. There is emerging evidence that early life environments are
important in the aetiology of obesity but there is a notable gap in the research evidence on effective
interventions to prevent and treat obesity, particularly in early childhood and for those of South
Asian origin.
The aim of this National Institute for Health Research (NIHR) programme was to study the patterns and
aetiology of childhood obesity in a multiethnic population and to use this evidence to develop a tailored
obesity prevention intervention. The design and development of effective interventions requires a robust
empirical evidence base to identify the right targets (modifiable behaviours) for preventing obesity and the
right timing (in the growth trajectory) for implementing the intervention. We set out to measure and
analyse data on growth trajectories in a multiethnic population alongside an assessment of hypothesised
modifiable environmental and behavioural risk factors for obesity.
Programme workstreams (Figure a)
1. To recruit a subsample of the Born in Bradford (BiB) cohort for intensive follow-up to collect data on
growth and modifiable risk factors in a deprived multiethnic community.
2. To describe ethnic differences in risk factors for childhood obesity and to identify modifiable behaviours
and risk factors to target in future interventions.
3. To undertake a systematic review of diet and physical activity interventions to prevent or treat obesity in
South Asian children and adults.
4. To explore wider determinants of, and cultural differences in, feeding and eating patterns and beliefs,
attitudes and practices with regard to obesity, diet and exercise.
5. To design a theory-based innovative intervention to improve modifiable behaviours in both parents and
children to prevent childhood obesity.
6. To undertake a feasibility trial to evaluate the intervention.
Workstream 2
Quantitative identification of key modifiable risk factors in focus subcohort
Workstream 1
Monitoring and measuring growth trajectories in multiethnic BiB cohort
Workstream 6
Feasibility trial of
intervention
Workstream 5
Development of a 
theory-based obesity
prevention 
intervention
Workstream 4
Qualitative and 
observational 
exploration 
of barriers and
facilitators of change
Workstream 3
Systematic review
FIGURE a Outline of programme workstreams.
xxiii
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Methods
Workstream 1: recruitment of a childhood obesity cohort (BiB1000)
Data were collected from families during pregnancy, at birth and during early childhood. In addition to
prespecified hypothesised targets for obesity prevention (diet, activity), the BiB1000 study explored
qualitative determinants of behaviours and other exposures with less evidence (food environments,
sleep, parenting practices).
A reliability study assessed routinely collected growth measures. Multilevel linear spline models were used
to model growth trajectories and logistic regression was used to develop prediction equations to model the
risk of childhood obesity.
Workstream 2: ethnic differences in risk factors for childhood obesity and
association with body mass index at age 3 years
We used exposure data (feeding, parenting, diet, physical activity and sleep) from the BiB1000
questionnaires to describe ethnic differences. We used outcome data on 987 participants with body mass
index (BMI) measurements at age 3 years, of whom 382 (39%) were of white British origin and 474 (48%)
were of Pakistani origin. Linear regression was used to assess the association between risk factors and BMI
standard deviation scores and Poisson regression was used to determine the relative risk between risk
factors and infant overweight. Models included adjustment for maternal and child characteristics.
Workstream 3: a systematic review of diet and physical activity interventions
to prevent or treat obesity in South Asian children and adults
Studies of any type of lifestyle intervention of any length of follow-up that reported any anthropometric
measure for children or adults of South Asian ethnicity were included in the systematic review. There was
no restriction on the type of comparator, and randomised controlled trials (RCTs), controlled clinical trials
and before-and-after studies were included. A comprehensive search strategy was implemented.
Workstream 4: investigation of social, cultural and environmental
determinants of childhood obesity
Four methods were utilised to investigate social, cultural and environmental determinants of childhood
obesity. Qualitative interviews with 14 mothers focused on decisions to breastfeed and decisions about
weaning with a view to identifying personal imaginative worlds and interactional contexts in which choices
were made. A further 38 mother–child dyads were observed during typical mealtimes and coded using
the Mealtime Observation Schedule. Observed interactions were compared with mothers’ self-reports on
questionnaire assessments of feeding, parenting styles and infant characteristics. Food inventories recorded
the availability of key food and drink items within a sample of 100 homes. Finally, food outlets in five
contiguous inner-city wards in Bradford were identified and linked to individual-level data on a sample of
1198 women using geographic information systems (GIS) methodology to examine the association
between food outlet location, deprivation, weight status and ethnicity.
Workstream 5: development of a theory-based obesity prevention
intervention
Intervention mapping was applied as follows: (1) needs assessment of parents, the wider community and
practitioners and consideration of the evidence base, policy and practice; (2) identification of outcomes
and change objectives following identification of barriers to behaviour change; (3) selection of
theory-based methods and practical strategies to address barriers to behaviour change; (4) design
of the intervention by developing evidence-based interactive activities and resources; and (5) adoption
and implementation: parenting practitioners were trained by health-care professionals to deliver the
intervention within children’s centres. The intervention was named the Healthy and Active Parenting
Programme for early Years (HAPPY).
SCIENTIFIC SUMMARY
NIHR Journals Library www.journalslibrary.nihr.ac.uk
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Workstream 6: feasibility trial of the Healthy and Active Parenting
Programme for early Years
A feasibility RCT was conducted. A total of 120 overweight pregnant women were recruited between
10 and 26 weeks’ gestation and allocated on a 1 : 1 basis to either a 12-week intervention programme
(six sessions antenatally, six sessions postnatally; n= 59) or usual care (n= 61). Assessments took place at
baseline and when the infant was aged 6 and 12 months and included the mother’s BMI, infant’s length
and weight and mother’s and infant’s physical activity and diet. Outcomes were recruitment rate, attrition,
acceptability of randomisation and measurement tools and acceptability of the intervention. Fidelity was
assessed through observations and facilitator feedback. Focus groups and structured interviews were
conducted with mothers to gauge their reactions to the research methods and the content of
the intervention.
Results
Workstream 1: recruitment of a childhood obesity cohort (BiB1000)
A total of 1735 mothers agreed to take part in detailed assessments focused on risk factors for obesity.
Of these, 1707 had singleton births. Approximately half of the mothers (n= 933) were of South Asian
ethnicity, of whom just under half were born in the UK. The prevalence of obesity in the BiB1000 cohort
was similar to that in the full BiB cohort and to UK national averages.
Pakistani boys and girls were lighter at birth and had a shorter predicted mean length at birth than white
British boys and girls but gained weight and length quicker in infancy. By age 2 years both ethnic groups
had a similar weight but Pakistani boys and girls were taller on average than white British boys and girls.
Data-driven prediction equations for risk of childhood obesity were developed and incorporated into a
mobile phone application.
Workstream 2: ethnic differences in risk factors for childhood obesity and
association with body mass index at age 3 years
Pakistani mothers were more likely to initiate breastfeeding than white British mothers; however, there
were no ethnic differences in exclusive breastfeeding at 4 months. Pakistani infants were more likely than
white British infants to have a higher intake of sweet commercial foods, chips and roast potatoes, fruit
and high-sugar drinks at 12 months. White British infants had higher intakes of savoury baby foods and
processed meat products. By 18 months of age, the above differences were shown to persist and increase,
indicating evidence of early tracking of consumption patterns. Pakistani infants had later sleep onset and
wake times than white British infants at both 18 and 36 months. There were no ethnic differences in total
daily physical activity or sedentary time; however, there were differences in the types of physical and
sedentary activities undertaken. Pakistani mothers were less likely to adopt a hostile approach to parenting.
There were consistent associations between maternal smoking, maternal booking BMI, feeding style and
parenting style and greater mean BMI at age 3 years and a higher relative risk of being overweight or
obese at this age. There was no strong evidence that the relationship between the risk factors and BMI
differed by ethnic group.
Workstream 3: a systematic review of diet and physical activity interventions
to prevent or treat obesity in South Asian children and adults
Twenty-nine studies were included in the systematic review, seven of children, 21 of adults and one of
mixed-age participants. Meta-analysis of a limited number of controlled trials found an unclear picture
of the effects of interventions on BMI in South Asian children. Meta-analysis of a limited number of
controlled trials showed that interventions resulted in a significant improvement in weight for adults but
no significant differences in BMI and waist circumference. One high-quality study in South Asian children
found that a school-based physical activity intervention that was delivered within the normal school day
and which was culturally sensitive was effective. There was also evidence of culturally appropriate
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approaches to, and characteristics of, effective interventions in adults, which we believe could be
transferred and used to develop effective interventions in children.
Workstream 4: investigation of social, cultural and environmental
determinants of childhood obesity
There were many competing and contradictory sources of advice for mothers with new babies.
Professional concerns about obesity had not translated into parental concerns about growth in their child.
There were differences between South Asian and non-Asian mothers in terms of both meal structures and
mother–child interactions. South Asian mothers used negative parenting behaviours more frequently and
less positive behaviour. In the healthy-weight South Asian group this was paralleled by greater levels of
negative child behaviour. Availability of foods in the home was similar between ethnic groups except for
fresh fruits and sugar-sweetened beverages, which were available in greater quantities in homes of
Pakistani mothers. More than 95% of all participants lived within 500m of a fast-food outlet. Women in
higher areas of deprivation had greater access to fast-food outlets and to other forms of food shops.
Contrary to hypotheses, there was a negative association between BMI and fast-food outlet density in
close proximity (250m) to the South Asian group.
Workstream 5: development of a theory-based obesity prevention intervention
The HAPPY intervention was developed using an intervention mapping approach. The programme is aimed
at pregnant women (BMI ≥ 25 kg/m2) and consists of 12 × 2.5-hour sessions (six antenatal sessions from
24 weeks and six postnatal sessions up to 9 months). It addresses (1) the mother’s diet and physical
activity, (2) breastfeeding or bottle-feeding, (3) infant diet and parental feeding practices, (4) infant
physical activity, and (5) parenting practices: parenting styles and skills.
Workstream 6: feasibility trial of the Healthy and Active Parenting
Programme for early Years
The recruitment rate of women screened with a BMI of ≥ 25 kg/m2 was 30% (n=120/396). Retention at
12 months was 66% for the intervention group and 75% for the control group. Of the 59 allocated to the
intervention, 26 (44%) attended at least one antenatal appointment (attending on average 4.8 sessions)
and 18 (31%) attended at least one postnatal session (average 4.6 sessions). Group clustering was
minimal. An adjusted effect size of –0.25 standard deviation weight score at 12 months (95% confidence
interval –0.16 to –0.65) favouring the intervention was observed.
Conclusions
This programme has established a new childhood obesity cohort with longitudinal data collection to
develop a deep and extensive understanding of the predictors and influences of health-related behaviours
and help develop a feasible and appropriate culturally specific intervention for the prevention of obesity.
A unique quality of this cohort is its ethnic composition, which is generalisable to other large multiethnic
cities in the UK. Importantly, the cohort also provides a unique foundation for the study of the long-term
consequences of growth and weight through linkage with primary care health data for child health
outcomes and educational attainment.
For the first time in the UK we estimated South Asian growth trajectories and found that Pakistani boys
and girls were lighter and had a shorter predicted mean length at birth than their white British
counterparts but gained weight and length quicker in infancy. By age 2 years both ethnic groups had a
similar weight but Pakistani boys and girls were taller on average than white British boys and girls. These
differences in postnatal growth were not explained by maternal height, smoking during pregnancy and
gestational age. We also developed data-driven prediction equations for risk of childhood obesity and
incorporated them into a mobile phone application.
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We found ethnic differences in breastfeeding, infant diet, sleeping patterns and the types of physical and
sedentary activities that the children engaged in. There was also evidence of dietary patterns that emerged at
12 months tracking to 18 months, indicating that, once established, these patterns may become ingrained
and difficult to change. There was little evidence that parenting styles differed between ethnic groups.
Smoking during pregnancy, maternal BMI, feeding style and parenting style were all associated with
infants’ BMI at age 3 years. The associations between these risk factors and childhood BMI did not vary by
ethnicity. Interventions to reduce childhood obesity should target smoking and maternal weight in the
antenatal period and postnatally should encourage the adoption of warmer, less hostile parenting styles
and responsive feeding styles.
Our systematic review concluded that there was no evidence that interventions were more or less effective
according to whether or not they were targeted at South Asian families or that they differed in terms of
effectiveness according to the socioeconomic status of the recipients. In addition, there was evidence of
culturally appropriate approaches to, and characteristics of, effective interventions in adults, which we
believe could be transferred and used to develop effective interventions in children.
Our qualitative and observational studies identified a major gap in the cultural appropriateness of current
measures or existing interventions for South Asian families. Interventions need to consider how parents, in
particular mothers, negotiate between the many factors that influence their behaviour, including cultural
and family influences. That negotiation will be aided by interventions that support the development of
self-efficacy and which offer support in how to evaluate the wide variety of advice that parents receive.
Knowledge of the types and quantities of foods and drinks in family homes supports the development of
intervention programmes that target an improvement of the foods available, both for obesity prevention or
management and for overall diet improvement. Specifically, increasing the consumption of fruit and
vegetables and reducing the consumption of sweetened drinks, crisps and biscuits should be a target. The
stronger association between deprivation and fast-food density than with obesity argues for more detailed
accounts of the obesogenic environment that include measures of individual behaviour. The proliferation
of fast-food outlets has public policy relevance and should be considered in planning applications.
Intervention mapping provided a feasible approach to developing a complex health behaviour change
intervention (HAPPY). The framework was used to produce a transparent and replicable intervention whereby
mechanisms of change can be investigated and identified and strategies used to manipulate them can be
appropriately refined. Integration with the existing Family Links Nurturing Programme enabled the expertise of
existing parenting programme co-ordinators to be utilised to deliver the programme, thus increasing sustainability.
The HAPPY intervention was evaluated in a feasibility RCT and was found to be feasible and acceptable.
However, the recruitment rate was low and attrition between randomisation and intervention attendance
was high. Qualitative interviews with women who chose not to attend intervention sessions identified
strategies to recruit and retain women in these types of sustained complex interventions. A proposal for a
full multisite cluster RCT has incorporated these strategies and has been submitted for funding to evaluate
the cost-effectiveness of the HAPPY intervention.
Trial registration
This trial is registered as ISRCTN56735429.
Funding
Funding for this study was provided by the Programme Grants for Applied Research programme of the
National Institute for Health Research.
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SYNOPSIS
Childhood obesity is a major global public health threat.1,2 Although overweight and obesity prevalence insome groups of children may be flattening or decreasing,3–5 overall prevalence remains high, particularly
in children from minority ethnic groups.6,7 Evidence from the UK and the USA shows that the prevalence of
overweight and obesity in preschool children is > 33%.8–10 Obesity acquired in childhood has been shown to
persist into adulthood with over half of obese children growing up to be obese adults.11 It is estimated that
the direct cost of obesity to the NHS will be £2B by 2030 if the current trends continue.12 The 2007 Foresight
report13 estimated that the direct and indirect costs of child and adult obesity would rise to £27B by 2015.
Childhood obesity has a major impact on health and well-being in childhood and through to adult life.14–17
Obese children experience poor health-related quality of life and low self-esteem18 and, although the
contribution of obesity towards the risk of negative health outcomes such as cardiovascular disease (CVD)
and diabetes is complex, evidence suggests a consistent positive association.19,20
Children of South Asian origin are at particular risk of overweight and obesity, demonstrating greater
central adiposity and insulin resistance than their European-origin counterparts for a given body mass index
(BMI).21–24 Evidence suggests that this fat–thin insulin-resistant phenotype is present at birth and that
pregnancy is an important window of opportunity for obesity prevention.25,26 The adoption of Western
urban lifestyles that result from migration to the UK has the potential to increase the risk of rapid postnatal
growth and obesity contributing to the higher risks of diabetes and CVD.
There is emerging evidence that early life environments are important in the aetiology of obesity.27
Maternal gestational weight gain and gestational glucose metabolism, together with greater birthweight
and rapid postnatal growth, are all associated with later obesity, although it is unclear if this is driven by
causal mechanisms.28–32 Infant weight gain is consistently associated with subsequent risk of childhood
and adult obesity and this risk is particularly high for infants with very rapid weight gain [> 1.33 standard
deviation score (SDS) or two centile band crossings].33 However, it is the social, behavioural and
environmental influences on childhood obesity that offer most potential for modification of factors
influencing obesity.34–38 A recent review of systematic reviews of early determinants of obesity identified
the following factors associated with an increased risk of childhood obesity: maternal smoking, short sleep
duration, < 30 minutes of daily physical activity, consumption of sugar-sweetened drinks, screen viewing
and parental feeding practices.39 Importantly, however, the evidence of causality is not clear.40 Thus,
although reinforcement of positive health interventions such as breastfeeding should be encouraged, there
is still much to learn regarding the impact it has on childhood obesity.
Interventions to prevent obesity
Despite the public health threat of obesity there is a notable gap in the research evidence on effective
interventions to prevent and treat obesity, particularly in early childhood and in South Asian populations.41
Systematic review evidence42–49 has found that efforts to prevent obesity have shown disappointing results,
which may be for the following reasons:
1. intervention schemes not guided by a robust evidence-based development process and not rooted in
behaviour change theory
2. intervention strategies not tailored to the most important and modifiable behaviours
3. inadequate strategies to change family, environmental and extrinsic factors in combination with health
education strategies aimed at personal behaviours
4. lack of careful pre-testing and formative evaluation procedures before larger-scale implementation
5. lack of involvement of stakeholders in intervention development, resulting in reduced engagement.
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One explanation for the disappointing results of randomised controlled trials (RCTs) in terms of reducing
obesity in schoolchildren is that they begin too late. Body composition and feeding patterns may become
established in infancy, providing a potentially critical period for intervention.50 Systematic reviews of obesity
prevention in early childhood provide support for targeting interventions in early childhood but highlight
the limited quantity and quality of the mostly US research.45,46 Specific gaps in the evidence include the
lack of family studies and studies that attempt to improve professional–family interaction, the dearth of
evidence on the effectiveness of interventions in ethnic groups and the absence of economic evaluations.
There is a good theoretical51 and empirical33,36,52–56 basis for developing obesity prevention interventions in
early childhood as unfavourable health behaviours are established in early childhood and are good
predictors of subsequent behaviours. It is likely, therefore, that early childhood provides a unique and
circumscribed opportunity to promote health and prevent obesity. However, there is a paucity of evidence
about safe and effective interventions in preschool children.57 A systematic review of studies to prevent
obesity in children aged 0–5 years found that interventions varied widely although most were multifaceted
in their approach.58 These interventions have been found to be feasible and acceptable and there was
evidence to suggest that behaviours that contribute to obesity can be positively impacted in this age
group, particularly with the involvement of parents and the targeting of skills and competencies rather
than just knowledge. A systematic review of qualitative studies on behaviours related to childhood obesity
found that many parents felt that strategies to promote healthy weight should start in early life and also
identified the importance of targeting the wider family rather than the parents alone.59 Studies have
also suggested that an intervention delivered within a parenting programme that focuses on parenting
skills and style will have an enduring impact on the development of children’s healthy eating and
activity patterns.60,61
Born in Bradford
This programme harnessed the research potential of the new Born in Bradford (BiB) study, a longitudinal
multiethnic birth cohort study aiming to examine the impact of environmental, psychological and genetic
factors on maternal and child health and well-being.62 Bradford is a city in the north of England with high
levels of socioeconomic deprivation and ethnic diversity. Approximately half of the births in the city are to
mothers of South Asian origin. Women were recruited to the BiB study while waiting for their glucose
tolerance test, a routine procedure offered to all pregnant women registered at the Bradford Royal
Infirmary at 26–28 weeks’ gestation. For those consenting, a baseline questionnaire was completed during
an interview with a study administrator.
The baseline questionnaire for the mothers was transliterated into Urdu and Mirpuri using a standardised
process so that words and phrases corresponded to the original English version. As Mirpuri does not have a
written form, trained bilingual interviewers administered the transliterated questionnaires to Mirpuri speakers.
The full BiB study recruited 12,453 women during 13,776 pregnancies between 2007 and 2010 and the
cohort is broadly characteristic of the city’s maternal population. Ethical approval for the BiB1000 data
collection was granted by the Bradford Research Ethics Committee (reference number 07/H1302/112).
SYNOPSIS
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An applied research programme on childhood obesity
The aim of this National Institute for Health Research (NIHR) programme was to study the patterns and
aetiology of childhood obesity in a multiethnic population and use this evidence to develop a tailored
obesity prevention intervention.
The design and development of effective interventions requires a robust empirical evidence base to identify
the right targets (modifiable behaviours) for preventing obesity and the right timing (in growth trajectory)
for implementing the intervention. We set out to measure and analyse data on growth trajectories in a
multiethnic population alongside assessment of hypothesised modifiable environmental and behavioural risk
factors for obesity. Our intention was to determine whether or not the relative impact of any modifiable
risk factor differs between South Asian and European-origin populations and to assess whether or not
mechanisms for change differ between communities.
This monograph describes the results of our findings linked to the original programme objectives (a full list
of publications arising from our programme of work can be found in Acknowledgements, Publications).
Recruitment of the BiB1000 cohort to investigate childhood obesity
l Objective 1a: a 10% subsample of the BiB cohort was recruited for intensive follow-up to collect data
on modifiable risk factors and growth. Data were collected from the 10% subsample through home
visits by bilingual researchers, who administered survey instruments for behavioural measures and
undertook anthropometry assessments.
Modelling growth trajectories and obesity risk
l Objective 1b: the programme established research-calibre routine data collection on growth monitoring
in a deprived, biethnic population through strengthening routine surveillance and monitoring
growth trajectories.
Ethnic differences in obesity risk factors
l Objective 2a: the focus for this objective was to describe ethnic differences in obesity risk factors to
inform a culturally sensitive intervention.
Early risk factors for childhood obesity
l Objective 2b: the focus for this objective was to identify modifiable behaviours and environmental risk
factors that could be targeted in future interventions.
Systematic review of diet and physical activity interventions to prevent or
treat obesity in South Asian children and adults
l Objective 3: the focus for this objective was to conduct a systematic review of diet and physical activity
interventions to prevent or treat obesity in South Asian children and adults.
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Investigation of social and environmental determinants of childhood obesity
l Objective 4: the focus for this objective was to determine appropriate intervention targets. Qualitative
interviews, observational methods, geospatial mapping and nutritional audits were undertaken to
explore determinants of feeding practices; cultural and social differences in feeding practices; the
influence of key stakeholders; beliefs, attitudes and practices in relation to obesity, diet and exercise;
perceptions in the South Asian community about childhood obesity; access to fast-food retailing; and
eating patterns.
Development of an obesity prevention intervention
l Objective 5: evidence from current and previous interventions was supplemented by a survey of
nationally relevant work. Intervention mapping was used to select an appropriate theoretical
foundation, identify change objectives and design the intervention and implementation. Field testing
of candidate components for an intervention strategy was undertaken to test their feasibility
and acceptability.
Exploratory trial of the obesity prevention intervention
l Objective 6: the ultimate aim of the programme was to design an innovative community/family-based
intervention to improve modifiable behaviours in both parent and child. The aim of the exploratory trial
was to inform a definitive (Phase III) randomised trial that could be implemented within the NHS. The
exploratory trial assessed the feasibility and acceptability of the intervention; eligibility, consent and
recruitment rates; the acceptability of the randomisation process; and follow up rates. Outcomes were
collected to inform the components and delivery of the intervention, estimate the effect size and test
and validate outcome measures.
Programme management
A quarterly steering group of all 12 co-applicants and additional expert advisors was established to oversee
the implementation of the research programme. An independent trials management group consisting
of Julie Walker (clinical manager), Kim Cocks (statistician and triallist) and Tracy Wood (local authority
parenting expert) was established in 2012 to provide monitoring and scrutiny of the feasibility trial.
Helen Ball and her team from Durham University joined the programme to support the study of sleep in
early life. Aziz Sheikh and his team at Edinburgh University joined the programme to support the
development of a culturally adapted intervention. Kate Tilling and Laura Howe from Bristol University
joined the programme to provide expertise in the use of multilevel linear spline and latent class modelling
of early life trajectories. Darren Greenwood from Leeds University joined the team to provide support for
the dietary analysis. Kath Kiernan from York University provided expert support for the exploration of the
association of parenting practices with obesity. Sally Barber from the Bradford Institute for Health Research
joined the team to provide expertise on physical activity.
SYNOPSIS
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Clinical engagement
The programme was set up to promote strong clinical engagement in the research. Such engagement was
fundamental to the success of the programme. Support from health visitors from Bradford District Care
Trust was required to ensure high-quality additional routine postnatal measurements. Support from the
midwives at Bradford Teaching Hospitals NHS Foundation Trust was required for the successful recruitment
of pregnant women to the pilot trial. Close involvement of local dieticians and public health consultants
was required for the development of the intervention. Finally, close partnership with Barnado’s and Family
Links was essential for the delivery of the intervention.
Patient and public involvement
The BiB1000 study has benefited from extensive experience of patient and public involvement within the
Bradford Institute for Health Research. This has included the use of a panel of 10 people representing the
local patient community who meet regularly (3-monthly) to participate in all stages of the research process,
including identifying priorities, helping to write lay summaries, reviewing methodology and supporting
translational work. Panel members work in pairs to provide peer support but also meet collectively to
discuss general and specific issues. The BiB study has a strong focus on wider community engagement,
with regular newsletters, birthday cards, picnics and art exhibitions. One of the great strengths of the study
is the close involvement of the photographer Ian Beesley and the poet Ian McMillan, whose work is
featured here and in the appendices of this report.
www.borninbradford.nhs.uk
@BiBresearch (Twitter, Inc., San Francisco, CA, USA)
Born in Bradford (Facebook, Inc., Menlo Park, CA, USA) (www.facebook.com/BornInBradford/)
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Recruitment and data collection for the BiB1000
cohort to investigate childhood obesity
Workstream 2
Quantitative identification of key modifiable risk factors in focus subcohort
Workstream 1
Monitoring and measuring growth trajectories in multiethnic BiB cohort
Workstream 6
Feasibility trial of
intervention
Workstream 5
Development of a 
theory-based obesity
prevention 
intervention
Workstream 4
Qualitative and 
observational 
exploration 
of barriers and
facilitators of change
Workstream 3
Systematic review
The BiB1000 study was established to help enable a deep and extensive understanding of the predictorsof and influences on health-related behaviours and to develop a culturally specific obesity prevention
intervention. Here we describe the methodology and characteristics of the study participants; this work has
been published as a separate paper.63
All mothers recruited to the full BiB study between August 2008 and March 2009 who had completed the
baseline questionnaire were approached to take part in the BiB1000 study during their routine 26- to 28-week
glucose tolerance test. Those not attending this appointment were approached elsewhere during routine
hospital attendances. A sample size of 1080 was calculated based on the ability to detect a clinically significant
difference in infant growth of 0.67 SDS (one centile band) in weight at age > 1 year. Based on data from the
Cole UK charts,64 we needed a minimum sample of 36 participants in any analysis group for length and a
minimum of 67 participants for weight (β= 0.80; α= 0.05). Stratification by gender and ethnicity meant that
we required a minimal sample of 280 at the completion of the preschool study. Allowing for a 5% annual
attrition rate, we therefore required a total sample of 1080 births. However, to account for the higher
anticipated attrition rate in a deprived multiethnic population, the plan was to oversample the population by
up to 60%. Ethical approval was obtained from the Bradford Research Ethics Committee (reference number
07/H1302/112) and all participants provided written informed consent prior to inclusion in the research.
Bilingual study administrators who were trained in anthropometry collected baseline information from
mothers using a structured questionnaire in the home, at hospital-based clinics and at local children’s
centres. Participants were followed up at 6, 12, 18, 24 and 36 months.
The questionnaire measures included were selected based on hypothesised correlations with exposures
and childhood obesity. As this was an exploratory study in a largely untested population, many of these
hypotheses were driven by a combination of evidence from ‘similar’ populations in the literature and
agreement by the scientific and clinical teams. Baseline data collection for the BiB study was pilot tested
with a group of expectant mothers in the Bradford Royal Infirmary Maternity Unit for clarity, duration and
acceptability. Except for assessment of dietary intake in infants, additional follow-up measures were not
piloted in advance of data collection. However, their acceptability was determined within the BiB1000
cohort and amended as appropriate. The intended food frequency questionnaire for infants was pilot
tested in children’s centres and this led to slight modifications to the clarification of items to ensure that
foods were culturally representative (e.g. chapattis included within bread products).
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Infant weight was measured at birth by midwives and infant head circumference, mid-upper arm
circumference, abdominal circumference, subscapular skin fold and triceps skin fold were measured within
the first 24 hours following delivery by paediatricians and midwives who were trained in measurement
techniques according to written guidelines.
Postnatal measures of infant weight, length, head circumference and abdominal circumference were
collected as part of routine practice by health visiting teams. Additional measures of weight, length, head
circumference, abdominal circumference and skinfolds were taken by specially trained BiB1000 study
health workers at follow-up visits.
Maternal weight was measured at all assessments, maternal height was measured at baseline and BMI was
derived from the antenatal booking weight (at ≈12 weeks of pregnancy) and baseline height.
The majority of the demographic data were obtained using structured questionnaires. Items were
generated and modified from the Millennium cohort study,65 Growing up in Australia,66 the 2001 census67
and the European Prospective Investigation into Cancer and Nutrition (EPIC)68 questionnaires.
Behavioural measures were collected as part of the structured administered follow-up questionnaires,
including feeding style and practices, parental and infant diet, mental health, parental and infant activity,
sleep patterns, home food availability, parenting practices and other health behaviours (e.g. smoking,
alcohol consumption). Validated questionnaires were used when available, although appropriate ethnic
modifications were made and tested using expertise within Bradford (e.g. diet questionnaires were modified
based on 24-hour recall data collected from parents in Bradford alongside input from Bradford dieticians).
A full set of questionnaires used for all follow-up assessments can be found on our website [see www.
borninbradford.nhs.uk/research-scientific/general-study-documentation-and-questionnaires-2/ (accessed
4 February 2016)].
Qualitative and objective methodologies were employed in subsamples to explore the lifestyles, behaviours
and environments in this multiethnic population, including (1) food outlet mapping, (2) home food
availability inventories, (3) a mealtime observation study of maternal feeding styles and (4) interviews with
families. Further details of the methods and findings for each of these are provided in Investigation of
social and environmental determinants of childhood obesity.
Out of 1916 eligible women, 1735 (91%) agreed to take part in the study. Of these, 28 mothers gave
birth to twins. Descriptive statistics are provided here for singleton births only (n= 1707). In total, 77%,
75%, 74%, 70% and 70% of participants were followed up at 6, 12, 18, 24 and 36 months respectively;
47% of participants completed all of the assessments to date, with 17% (n= 294) formally withdrawing
from the research. Participants who could not be contacted (or when the visit could not be scheduled)
were not considered to be lost to follow-up unless a withdrawal form had been completed (i.e. withdrawal
of consent, death or change of residence outside the area). Thus, in some instances, data are missing at
one time point but are available at subsequent visits. The greatest factor that impacted on attrition rates
was the inability to make contact with participants to book appointments.
The characteristics of the BIB1000 cohort were similar to those of the full BIB cohort,62 with a similar
distribution of age, marital status and parity. Overall, 38% of women were of white British origin and 47%
were of Pakistani origin; 41% of Pakistani women were born in the UK and, of the remainder who were born
elsewhere, 24% moved to the UK before the age of 18 years. Around 20% of the sample questionnaires
were administered in languages other than English, reflecting this migration pattern. Demographic
differences by ethnicity within the BiB1000 cohort were also observed, with white British mothers tending to
be younger, educated to a lower level and less likely to be married or cohabiting and having fewer children
than mothers from other ethnic groups. More than 20% of Pakistani women had more than three children
prior to the birth of the study infant. Correspondingly, household size for South Asian women, especially
RECRUITMENT AND DATA COLLECTION FOR THE BIB1000 COHORT TO INVESTIGATE CHILDHOOD OBESITY
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Pakistani women, was greater than that for other ethnicities. Infant gender, gestational age and proportion of
preterm infants were similar between ethnic groups. Similarities were also observed for the mode of delivery
and the proportion of stillbirths. Over 35% of white British women reported smoking during pregnancy
compared with 4% and 3% of women of Pakistani and ‘other’ South Asian origins respectively. The
proportion of women with gestational diabetes was greatest in the South Asian ethnic group, with a 10.5%
prevalence in Pakistani women compared with a 5.5% prevalence in white British women.
Longitudinal data collection from the BiB1000 birth cohort has provided a sample for the NIHR programme to
develop a deep and extensive understanding of the predictors and influences of health-related behaviours to
help develop feasible and appropriate culturally specific intervention(s) for the prevention of childhood
obesity. This was facilitated by experienced, enthusiastic, multilingual data collection staff. A unique quality of
this cohort is its ethnic composition, with successful recruitment of approximately 50% of women from South
Asian origin and a representative sample of women from across the socioeconomic groups within Bradford.
Modelling growth trajectories and obesity risk
Growth during infancy is an important indicator of health and well-being.69 Evidence suggests that the
obesity epidemic begins in early childhood and that the risk of obesity is greater in children who put on
more weight in early life. Growth data for the BiB1000 cohort are available from two sources; the BiB1000
visits and the routine measurements recorded in health visitor records (Personal Child Health Record or ‘red
book’). We assessed how reliable the data collected by health visitors in Bradford are by using a test–retest
reliability study and investigated the agreement between data collected in the BiB1000 clinics and the
routine data collected by health visitors. This work has been published in two separate papers.70,71
We found that, in Bradford, following training, health workers can in general reliably measure child
growth. The technical errors of measurements obtained in our study were comparable to those from other
research studies and all coefficients of reliability were indicative of good quality control. We also found
that there was good agreement between BiB1000 measurements and routine measurements, although
wide limits of agreement between data sources may be observed.
The growth data collected as part of the BiB1000 study supplemented with routine measurements collected
by health workers in the community have provided a comprehensive reliable data set to investigate growth in
infancy. We have focused on investigating ethnic differences in growth trajectories and on the development
of obesity risk in childhood. We used multilevel linear spline models with repeat measures of weight and
length to describe growth trajectories for white British and Pakistani infants from birth to 2 years of age and
to assess whether or not there are ethnic differences in these growth trajectories. Finally, we described the
development of prediction equations to identify children at risk of obesity and integrate the equations into a
novel user-friendly mobile phone application. This work has been published in two separate papers.72,73
Modelling growth trajectories72
For the first time in the UK we estimated weight and length growth trajectories between birth and 2 years
for Pakistani boys and girls and found that Pakistani boys and girls were lighter and had a shorter
predicted mean length at birth than their white British counterparts but gained weight and length quicker
in infancy. By age 2 years both ethnic groups had a similar weight, but Pakistani boys and girls were taller
on average than white British boys and girls. Differences in maternal height explained some of the
differences in weight and length at birth; however, adjustment for maternal height, smoking during
pregnancy and gestational age did not explain the differences in postnatal growth rates.
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Given the relationship of early postnatal growth to normal development and adult health, together with
known anthropometric differences at birth in South Asian compared with white European infants, it is
important to understand how size differs in this group in the postnatal period and what factors might
explain these differences. The faster growth in South Asian children shown in our study could be beneficial
for their early infant/childhood health as observed in low-income countries.74 However, if the greater rate
of weight gain in this population is driven by greater fat gain it may have adverse long-term consequences
for cardiometabolic health75 and contribute to the increased risk of diabetes and CVD observed in South
Asian adults.76–78 South Asian children have been shown to be fatter for a given BMI than their European
counterparts and markers of diabetes and CVD risk are increased in South Asian children and adolescents,
suggesting that this faster early growth may indeed be contributing to adverse later cardiometabolic
health.24,79,80 We acknowledge that further replication of our findings by others and longer-term follow-up
to examine associations with a range of early life and later outcomes will be required to clarify the
importance of these ethnic differences in growth.
Development of a mobile phone app to predict childhood
obesity73
Innovative strategies to identify infants at the greatest risk of childhood obesity are necessary for the
prevention of obesity. We present the development of a practical mobile phone app (Figure 1) that can be
used for a wide range of ages (4.5–13.5 months) in infancy when growth monitoring is part of routine
health care.81 The app requires information on a baby’s sex, date of birth, birthweight and current weight
and users can optionally add maternal height and weight (to calculate BMI). We chose not to include
ethnicity and gestational age because, although they were significant predictors, neither of these factors was
significant in the internal and external validity analyses. Furthermore, ethnicity in our sample was restricted to
white British and South Asian ethnicities and it was felt that this would not reflect the ethnic diversity (or lack
thereof) in many areas. Maternal BMI was a significant predictor in the 6- and 9-month equations but, again,
this information may not be available and so we developed two sets of prediction equations so that the app
would work whether or not maternal BMI was available, with a negligible effect on the model fit.
In the future the app could be developed to incorporate any number of other functionalities, such as
plotting of growth measurements on a growth chart, geospatial mapping of an infant’s obesity risk score
compared with those of his or her peers and administration of an obesity prevention programme for those
infants identified as being at high risk.
FIGURE 1 The Healthy Infant Weight? app.
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Epidemiological evidence has highlighted the importance of a number of exposures in pregnancy andearly life that are associated with the development of obesity in childhood. In this study we investigated
ethnic differences in five early-life risk factors for childhood obesity that are modifiable and can be
targeted in future interventions. The risk factors considered were (1) breastfeeding, (2) infant diet,
(3) infant sleep, (4) physical activity and (5) parenting style. The work on breastfeeding and parenting style
has been published in two separate papers;82,83 the full reports for the other risk factors are presented in
Appendix 1.
Ethnic differences in the initiation and duration
of breastfeeding82
Compared with white British mothers, we found that mothers in all other ethnic groups examined were
significantly more likely to initiate breastfeeding and continue any breastfeeding until their infant was
4 months of age, which is consistent with previously reported findings from the UK.84,85 However,
we found no significant differences by ethnicity after adjustment for covariates in the rates of exclusive
breastfeeding at 4 months.
Ethnic differences in infant diet (see Appendix 1.1)
Analyses of dietary patterns found that, by 12 months of age, foods and drinks high in sugar and foods
high in fat were consumed by infants. There was no fruit and vegetable consumption in 3% of infants;
a higher intake of sweet commercial foods, fruit and high sugar drinks in Pakistani infants; and higher
intakes of savoury baby foods and processed meat products in white British infants.
In comparison to intakes of key indicator food groups at 12 months, the 18-month data showed large
statistically significant and nutritionally concerning increases in the consumption of unhealthier food items
across the cohort. Large increases were observed in the intake of chips, processed meat products, savoury
snacks and sugar-sweetened drinks. Encouragingly, the intake of fruit, vegetables and low-sugar drinks
had also increased.
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At 18 months Pakistani infants had a higher intake of chips, roast potatoes or potato shapes and
consumed substantially less processed meat than white British infants. Pakistani children continued to drink
more sugar-sweetened drinks and more pure fruit juice than their white British counterparts.
There were ethnic differences in the consumption of key nutrients and these also changed over time.
These changes in diet may simply reflect different weaning strategies between the ethnic groups, with
Pakistani babies breastfed for longer, reflected in lower protein and fibre intakes at 12 months, but
patterns relating to the consumption of solid food becoming more established by 18 months.
This analysis contributes to the limited evidence on dietary patterns in early childhood and highlights ethnic
differences in some consumption patterns. There was evidence of dietary patterns that emerged at
12 months tracking to 18 months and, once established, these may form the basis of an unhealthy diet
that may become ingrained and difficult to shift. This information helps us to characterise early-life dietary
patterns and will allow us to examine how early diet influences later outcomes. It can be used to inform
the development of community-tailored and culturally appropriate obesity prevention interventions aimed
at improving the nutritional health of infants, toddlers and children.
Infant sleep patterns (see Appendix 1.2)
We found ethnic differences in night-time sleeping patterns, with later sleep onset and wake times for
Pakistani infants than for white British infants at both 18 and 36 months and with Pakistani infants
experiencing a shorter maximum sleep duration. Ethnic differences in sleeping arrangements may be
affecting infant sleep duration or maternal knowledge of infant sleep duration. For example, South Asian
families tend to practise familial co-sleeping, with all children sharing a room with their parents for
sleeping, whereas white British families practise separate sleeping arrangements, often with one child per
room. Such differences may affect maternal knowledge of an infant’s sleep duration such that South Asian
mothers may be more likely to be aware of night wakings. Sleep duration may also be affected if family
members are more frequently disturbed by one another in the night.
Physical activity (see Appendix 1.3)
The majority of children in the BiB1000 cohort at age 2 years were meeting the Chief Medical Officer’s
guideline of 180 minutes of physical activity each day.86 There were no differences between the ethnic
groups in total time spent on daily physical activity and, in addition, sedentary behaviour and television/
DVD viewing were high for the whole group (on average 1.5 hours per day). There were, however, ethnic
differences in the types of physical and sedentary activities that the children engaged in. White British
children were reported to spend longer walking, in organised physical activity, playing outside and in
proactive sedentary behaviours (e.g. being read to) than Pakistani children, who spent longer each day
playing inside and in passive sedentary behaviour (watching television/DVDs). The differences in time spent
in different types of activities may result in important lifestyle differences as the children grow up as
observational studies have shown that time spent outdoors correlates with physical activity levels in
school-aged children.87,88 Time outdoors has also been associated with higher objectively measured physical
activity levels89,90 and with a lower prevalence of overweight.89 There were other marked differences
between the ethnicities in possible determinants of physical activity and sedentary behaviour that may also
contribute to the reported differences between ethnic groups later in childhood.91 These included Pakistani
children being less frequently restricted in their television viewing, having more barriers to physical activity
and receiving less frequent support to be physically active from their parents.
ETHNIC DIFFERENCES IN OBESITY RISK FACTORS
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Ethnic differences in parenting style83
There were no ethnic differences in parental self-efficacy and parental warmth; however, Pakistani mothers
reported feeling more confident about their parenting abilities and were less likely to adopt a hostile
approach to parenting. To our knowledge, no such data have been reported previously for UK-resident
women and further work is needed to link these parenting styles with children’s current and future health.
Women of both ethnic groups with more self-efficacious, warm and less hostile parenting styles reported
significantly fewer problems with their infant’s temperament.
Understanding of these ethnic differences in modifiable risk factors has implications for the effective
cultural adaptation of interventions to reduce childhood obesity.
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Early risk factors for childhood obesity
In the last section we described ethnic differences in five early-life risk factors for childhood obesity. Here,we investigate the association between several early-life modifiable risk factors for childhood obesity and
infant BMI at 3 years of age. This work has been published as a separate paper.92
It is important to understand whether or not modifiable characteristics are related to BMI in infancy to
ensure that appropriate interventions are developed to promote maintenance of healthy BMI levels into
mid-childhood, when important relationships to future coronary heart disease risk emerge. Furthermore,
knowing whether or not associations differ between South Asian- and white European-origin infants is
important in knowing whether or not interventions should target different risk factors in these groups to
reduce the ethnic differences in risk. In this section we describe the differences in the prevalence of
potentially modifiable risk factors for childhood obesity between infants of white British origin and infants
of Pakistani origin and investigate the association between these risk factors and childhood BMI measured
at 3 years of age. We also examine possible ethnic differences in associations between the risk factors and
child BMI.
We found that the prevalence of early-life risk factors for a higher BMI differed between mothers of white
British ethnicity and mothers of Pakistani ethnicity. White British mothers were more likely to smoke during
pregnancy (28% vs. 4%), have a higher BMI (obese: 24% vs. 16%), breastfeed for a shorter duration
(> 4 months: 20% vs. 29%) and wean earlier, whereas Pakistani mothers had a higher rate of gestational
diabetes (14% vs. 7%) and were less active (sufficiently active: 26% vs. 57%). There were consistent
associations between BMI z-score and maternal smoking [mean difference in BMI z-score 0.33, 95%
confidence interval (CI) 0.13 to 0.53], maternal obesity (0.37, 0.19 to 0.55), indulgent feeding style (0.15,
−0.06 to 0.36), lower parental warmth scores (0.21, 0.05 to 0.36) and higher parental hostility scores
(0.17, 0.01 to 0.33). Associations with mean BMI were the same for white British and Pakistani infants,
with the exception of breastfeeding duration. Although we did not have sufficient statistical power to
examine ethnic differences in the associations of risk factors with relative risks of overweight/obesity, the
similarity in the associations with mean BMI between the two ethnic groups suggests that differences on a
binary scale are unlikely.
Consistent with other studies we found that children of mothers who smoked during pregnancy were
more likely to have a higher BMI SDS and a greater risk of being overweight,40,93,94 as were infants of
overweight and obese mothers.28,93,95
We found that certain aspects of feeding and parenting style were associated with a child’s BMI.
Caregivers with an ’indulgent’ feeding style had infants with a higher BMI SDS and who were more likely
to be overweight; this is consistent with other studies.96,97 Children of parents with less warm and more
hostile parenting styles were more likely to be overweight. Different measures and constructs of parenting
styles have been previously studied; however, evidence linking the specific domains analysed in the current
study to childhood BMI is scarce, although some studies have looked at associations with dietary and
activity behaviours.98,99 Evidence suggests that children raised by authoritative parents had lower BMI levels
than children raised with other styles.98
In this study we did not find strong evidence of an association between gestational diabetes, age at
weaning, infant energy intake, infant protein intake and infant sleep duration and infant mean BMI or risk
of overweight at age 3 years, despite evidence of associations between these risk factors and BMI in other
studies.40,93,100–104 However, many of these studies were conducted in older age groups and in non-UK
populations with different ethnic compositions to that of the BiB study population.
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The main strength of this analysis is that we have considered several key modifiable risk factors that have
been collected longitudinally during pregnancy and infancy in a multiethnic cohort. To our knowledge this
is the first time that these risk factors have been studied in early infancy in infants of Pakistani origin.
The limitations of the study are that it was undertaken in a single centre and so may lack generalisability.
The questionnaire relied on self-report to collect information on risk factors and there may have been
reporting or social desirability bias.
This work adds to the literature on the role of the early life environment and later childhood obesity and is
useful in identifying suitable targets for obesity prevention interventions in infancy. It has highlighted key
differences in early-life risk factors between white British and Pakistani mothers and so has highlighted the
importance of cultural adaptation of interventions. It has also helped identify key modifiable risk factors to
target in pregnancy and postnatally.
EARLY RISK FACTORS FOR CHILDHOOD OBESITY
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The previous workstreams identified the important modifiable determinants of obesity to form targetsfor intervention and identified key differences in the patterns of these risk factors by ethnicity and
socioeconomic status. These findings highlight the need for culturally sensitive interventions to
be developed.
We performed a systematic review to identify evidence that could inform the development of an obesity
prevention intervention for pregnant South Asian women and their children aged < 6 years. This
systematic review has been published105 and is freely available at www.mdpi.com/1660-4601/12/1/566
(accessed 1 February 2016).
The metabolic risks associated with obesity are greater for South Asian populations than for white or other
ethnic groups and levels of obesity in childhood are known to track into adulthood. Tackling obesity in
South Asian populations is therefore a high priority. The rationale for this systematic review was the
suggestion that there may be a differential effect of diet and physical activity interventions in South Asian
populations compared with populations of other ethnicities. The research territory of the present review
is an emergent rather than a mature field of enquiry, but it is urgently needed. Thus, the aim of this
systematic review and meta-analysis was to assess the effectiveness of diet and physical activity
interventions to prevent or treat obesity in South Asian populations living in or outside South Asia and to
describe the characteristics of effective interventions.
Systematic reviews of any type of lifestyle intervention, of any length of follow-up that reported any
anthropometric measure for children or adults of South Asian ethnicity were included. There was no
restriction on the type of comparator and RCTs, controlled clinical trials and before-and-after studies were
included. A comprehensive search strategy was implemented in five electronic databases: Applied Social
Sciences Index and Abstracts (ASSIA), Cochrane Controlled Trials Register (CCTR), EMBASE, MEDLINE and
Social Sciences Citation Index. The search was limited to English-language abstracts published between
January 2006 and January 2014. References were screened and data extraction and quality assessment were
carried out by two reviewers. The results were presented as a narrative synthesis and meta-analyses were
carried out.
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In total, 29 studies were included, seven in children, 21 in adults and one in a mixed-age population.
No studies in children aged < 6 years were identified. Sixteen studies were conducted in South Asia, 10 in
Europe and three in the USA. Effective or promising interventions included physical activity interventions in
South Asian men in Norway and in South Asian schoolchildren in the UK. A home-based, family-orientated
diet and physical activity intervention improved obesity outcomes in South Asian adults in the UK when
adjusted for baseline differences. Meta-analyses of interventions in children showed no significant
differences between intervention and control groups for BMI or waist circumference. Meta-analyses of
adult interventions showed a significant improvement in weight in data from two trials when adjusted for
baseline differences (mean difference −1.82 kg, 95% CI −2.48 to −1.16 kg) and in unadjusted data
from three trials following sensitivity analysis (mean difference −1.20 kg, 95% CI −2.23 to −0.17 kg).
Meta-analyses of adult interventions showed no significant differences between intervention and control
groups for BMI and waist circumference. Twenty of 24 intervention groups showed improvements in adult
BMI from baseline to follow-up; the average improvement in high-quality studies (n= 7) ranged from
0.31 kg/m2 to −0.8 kg/m2. There was no evidence that interventions were more or less effective according
to whether or not the intervention was set in South Asia or by socioeconomic status.
Meta-analysis of a limited number of controlled trials found an unclear picture of the effects of
interventions on BMI for South Asian children. Meta-analyses of a limited number of controlled trials
showed significant improvements in weight for adults but no significant differences in BMI and waist
circumference. One high-quality study in South Asian children found that a school-based physical activity
intervention that was delivered within the normal school day and which was culturally sensitive was
effective. There was also evidence of culturally appropriate approaches to, and characteristics of, effective
interventions in adults that we believe could be transferred and used to develop effective interventions
in children.
INTERVENTIONS TO PREVENT OR TREAT OBESITY IN SOUTH ASIAN CHILDREN AND ADULTS
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To further explore the impact of social and environmental factors on health we conducted a range offurther focused studies. The aim was to understand how these factors might constitute determinants of
childhood obesity, how they might vary according to mothers’ ethnicity and how they might be modified,
with a view to informing any subsequent intervention. Specific areas of focus were parental attitudes to
eating and infant growth, interactions that accompany mealtimes and the availability of certain foods in
the home and in the neighbourhood. The work on food availability in the home and in the neighbourhood
has been published in two separate papers;106,107 the full reports for the other topics are presented in
Appendix 1.
Investigation of social and environmental determinants of
childhood obesity (see Appendix 1.4)
Fourteen mothers (n= 9 Pakistani and n= 5 white British mothers) were recruited and interviewed when
their infant was aged between 3 and 5.5 months. Issues around perceptions of a ‘healthy baby’,
breastfeeding and weaning and sources of support were explored. Transcripts and field notes were
independently coded by two authors. Analysis sought to identify emerging themes using a thematic
narrative approach;108 differences between ethnic groups were explored.
There was considerable shared ground between white and Pakistani mothers in relation to how they
perceived a ‘healthy’ baby. Mothers expressed some anxiety about very underweight babies, but a concern
about them being overweight was not strongly evident. For younger children who might be overweight
the expectation (hope) was that ‘they will grow out of it’; for older children the problem was seen as being
a cosmetic one rather than primarily a health concern.
At the time of interviewing, only three mothers were still breastfeeding. Approximately half of the
remaining mothers had tried to breastfeed, averaging between 1 week and 10 days, and had then
stopped. The most common reason why they had stopped was that the ‘baby was not getting enough
food’. Most of the mothers interviewed were weaning already, often starting at around 4 months.
Mothers were aware that there was guidance from health visitors about the correct time to wean. Some
had heard advice from health visitors about baby-led weaning, but none reported trying this.
With regard to sources of advice and support there were two strong and inter-related themes: the
importance of consistent advice and the many sources of advice that were available. Mothers received
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inconsistent advice from different professionals about breastfeeding and between professionals and family
members in relation to weaning. Adding to this challenge was the wide range of sources used for advice
(e.g. extended family, friends, midwives and health visitors).
In summary, the interviews provided data that were consistent with those previously reported in the
literature.59 Parental perceptions are developed through interactions with a range of sources of influence
including family, friends and health professionals. The internet was of increasing prominence as a source
of information. There was not a clear hierarchy of influence.
A mealtime observation study: obesity, ethnicity and observed
maternal feeding styles (see Appendix 1.5)
Having identified the importance of parent and family beliefs in decisions to breastfeed and wean in early
infancy, we sought to explore how feeding patterns were influenced by the shared family environment.
Parents are key role models for their children, socialising children to their food choices, eating habits and
feeding behaviours. Parenting styles have been shown to impact on eating behaviour and outcomes
related to obesity.98 General parenting styles have been summarised as having two dimensions:
control/demandingness and warmth/responsiveness.109,110 These independent dimensions yield four
different parenting styles: authoritarian, authoritative, permissive and uninvolved parenting. Research has
linked authoritative feeding styles to increased consumption of fruit and vegetable products.111 However,
many authors question whether these styles are invariant across different cultural groups.112 There is an
absence of research regarding parenting styles of social Asian families, especially those living in the UK.
International studies regarding ethnicity and feeding practices are similarly limited.
The current study aimed to explore the influence of maternal weight and ethnicity on observed mealtime
interactions. Twenty obese mothers (10 Asian and 10 non-Asian mothers) and 18 ‘healthy weight’ mothers
(8 Asian and 10 non-Asian mothers) participating in the BiB1000 study consented to take part in the
study along with their children. Children were aged between 18 months and 2 years, 24 were male and
14 were female.
Mothers were asked to prepare an ordinary meal for their child on the day of the observation. The
mealtime was recorded and recordings were analysed using the Mealtime Observation Schedule (MOS).113
The schedule codes parent behaviours as positive (e.g. praise, positive contact) or negative (e.g. negative
eating comments) and child behaviours as positive (e.g. ‘self-bites’, appropriate verbal behaviour) or
negative (e.g. refusing food, leaving the table). Validated questions assessing caregiver feeding style
(authoritative, authoritarian, indulgent and uninvolved),114 parenting practices (self-efficacy, warmth and
hostility66) and infant characteristics (adaptability, fussiness/difficultness, dullness and predictability)115
were administered at 6, 12 and 24 months as part of the standard schedule of measurement of the
BiB1000 cohort.63
Analyses found that South Asian mothers presented food more times to their child than non-Asian
mothers. Meal duration was shortest for children whose mothers were South Asian and of healthy weight
and longest for children whose mothers were non-Asian and of healthy weight.
South Asian mothers exhibited significantly less positive behaviours and significantly more negative
behaviours during mealtimes than non-Asian mothers. Children with South Asian mothers demonstrated
marginally greater levels of negative behaviours during mealtimes, with no difference in positive behaviours
between the two ethnic groups. Children of South Asian, healthy-weight mothers spent more time
‘away from the table’ than children in the other groups. There were no effects of maternal weight on
these measures.
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In summary, there were no differences in parenting styles of feeding behaviours by maternal weight.
Distinct ethnic differences were apparent, both in the physical organisation of mealtimes (more South
Asian mothers did not sit their child in a chair or use a table for mealtimes) and in the types of interactions
during mealtimes (with South Asian mothers showing slightly reduced positive behaviours and slightly
increased negative behaviours). This is consistent with the observation that their children demonstrated less
independent eating. Overall, the results indicate that South Asian mothers exert a different type of control
during mealtimes with their children by giving a greater number of specific and clear direct instructions.
This may be in response to more challenging behaviour of their children.
Researcher-conducted home food availability inventories106
For children, the home is a key environment as it serves as the primary physical and social context in which
habits and norms are developed, including those specific to diet and physical activity. Home food
availability/accessibility has been shown to relate to child food consumption,116–131 which is intuitive given
that children’s food intake is largely dependent on what is provided to them by others.124,127,132,133 The aim
of this study, therefore, was to explore the home food availability of South Asian and white British
participants in the BIB1000 study to describe what foods are available and to identify key differences by
ethnicity or weight status.
Direct observations of food and drinks in the home were made for an opportunistic sample of 97 BiB1000
participants (n= 46 white British, n= 41 Pakistani, n= 10 ’other’ ethnicity) using a standardised protocol.51
The inventory included counting portions of fruits (fresh, frozen, tinned, dried), vegetables (fresh, frozen,
tinned), savoury snacks (crisps/tortillas, nuts), sweet snacks (cakes, biscuits, chocolate, sweets, ice cream)
and beverages (sugar-sweetened drinks, diet drinks). See Appendix 2.3 for a copy of the home food
availability inventory.
Findings from this exploratory study showed that all homes had some form of fruit and some form of
vegetable available in them. Overall, the presence of foods and drinks was similar in all of the ethnic
groups. More homes had fresh fruits and vegetables available than canned, frozen and dried fruits and
vegetables. At least one type of snack food was also available in all of the included BiB1000 homes.
Of these, crisps and biscuits were most likely to be available. Descriptive analysis compared differences by
ethnicity and weight. Although no differences were found for the latter, unadjusted comparisons by
ethnicity showed that homes of Pakistani mothers had approximately three times the quantity of
sweetened beverages available in them. Although this finding may be dependent on confounding factors
(a study within the USA found that household size, presence of the maternal grandmother and shopping
habits all related to home food availability134), it does suggest that targeting these types of drinks would be
useful within an intervention to prevent obesity, as these drinks offer no nutritive value.
Food outlet availability, deprivation and obesity in a
multiethnic sample of pregnant women in Bradford, UK107
The final environmental factor influencing obesity addressed in the current workstream was the neighbour
environment in which respondents lived. The conceptualisation of an obesogenic environment has
changed the way that obesity is viewed and is key to national policy documents that address obesity.13 The
obesogenic environment operates on several levels and describes the changes in daily living, transport and
access to recreational facilities, foods and food outlets that have contributed to positive energy balance
and weight gain. It follows that the availability of, or people’s access to, food may be related to obesity.
This could be through proximity to multiple fast-food outlets or the way that people shop at
large out-of-town supermarkets and stockpile food at home. However, supportive evidence is far from
compelling, even though there has been increasing attention paid to the location of food outlets,
especially those selling fast foods.
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There is equivocal evidence for a relationship between the location of fast-food outlets and weight
status135–143 or fast-food consumption.135,136,138,139,144 In contrast, the relationship between fast-food outlet
density and deprivation is much clearer. Research from the UK, the USA and New Zealand has shown
higher numbers of fast-food outlets in areas of high deprivation.145–157 However, there has been relatively
little attention paid to whether or not access to, and the consumption of, fast food are affected by
ethnicity, outside the USA at least, and how this is related to obesity.158
This study aimed to measure access to all food outlets and to investigate the relationship with body
weight, obesity and deprivation in a biethnic sample of adult women using geographic information
systems (GIS) methodology. It was hypothesised that food outlet availability would be related to
deprivation and that availability would be greater for South Asian participants. In addition, obese women
would have greater access to food outlets, especially those selling fast foods.
Our study population came from five inner wards in the Bradford Metropolitan District, chosen because
they had a range of ethnic population mix (1.2–63.8% South Asian). We included data from 1198 women
within the BiB1000 cohort who lived in the study area and who provided information on age, ethnicity,
height, weight at booking of pregnancy and weight at 28 weeks of pregnancy.
To map food outlet availability, we increased the study area to a total of 16 wards (five wards in which
participants lived and a further 11 wards immediately bounding those areas) in recognition that individuals
would not necessarily stick to the ward boundaries for local shopping and eating patterns. This search
area included 819 ‘output areas’ (OAs) (these are census geographical areas; an OA contains on average
125 households). Administrative information from the Bradford Metropolitan District Council (lists of food
outlets held for health and hygiene purposes) and Bradford Yellow Pages (index of local businesses) was
used to identify food outlets. A random selection of 90 OAs, stratified by deprivation, were visited to audit
data collected from administrative sources.
A pool of 886 outlets was identified. These outlets were classified as ‘fast food’ (n= 364), other ‘eating
out’ (restaurants, cafes; n= 247), supermarkets (n= 47), specialist food shops (e.g. butcher, bakery;
n= 100) and smaller retail shops selling food (e.g. convenience stores; n= 128). Four measures of food
access were used: the distance to the nearest food outlet (proximity) in each category for each participant,
the number of outlets within each food outlet category in a 250-m, 500-m and 1000-m radius of each
individual’s residential postcode, the number (density) of food outlets of each category in each super OA
(containing four to six OAs) and proximity to clusters of three or more fast-food outlets. Univariable
generalised estimating equation modelling, with obesity status as the outcome and maternal age,
deprivation score and food access measure as the independent variables, was undertaken for both ethnic
groups. The independent variables that were significant in the univariable analyses were combined
in the multivariable analyses in a forced entry method. All statistical analyses were performed using
Stata 10 (StataCorp LP, College Station, TX, USA) and statistical significance was set at p< 0.05.
Our results found increased food outlet availability within more deprived areas and for South Asian
populations. However, the relationship between having fast-food outlet access or availability and weight
status (BMI or being obese) in the South Asian group was opposite to what was hypothesised and in the
non-Asian group was non-existent. This would seem to indicate that, in the current sample, increased
access or availability is not related to increased consumption. Another important finding is that > 95% of
participants lived within 500m of a fast-food outlet. This degree of saturation has not been demonstrated
previously but may be characteristic of UK inner cities.
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This workstream aimed to explore the context and circumstances in which food choices are made.
The results from these studies have the following implications for the development of a childhood obesity
prevention intervention:
1. Understandings are arrived at, and choices are made, in the context of many interlinked systems of
influence and these systems should be targeted in any intervention. Delivering interventions within a
group setting may help to set up positive influences through peer support.
2. Intervention effectiveness will be enhanced if practitioners know which components of parenting to
target within a culturally sensitive context. Parenting styles vary according to ethnicity and those
practices that might constitute targets for intervention in one group would not be applicable to
another, or at least would not be of equal salience.
3. Seeking to change food and drink consumption should focus on (a) promoting the availability and
quantity of all types of fruits and vegetables (e.g. encouraging the purchase of tinned/frozen fruit in
addition to the purchase of fresh fruit); (b) reducing the purchase of crisps and biscuits (which were
both available in > 80% of homes); and (c) discouraging the purchase of sweetened beverages,
especially within homes of Pakistani mothers (with 85% of these homes having at least one type of
sweetened beverage available).
4. Living in close proximity to a fast-food outlet (within 500m) was commonplace in the Bradford wards
that were studied. This degree of proximity was observed in > 95% of participants. This should be
considered when applications for further food outlets are made.
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Using intervention mapping to develop a culturally
appropriate intervention to prevent childhood obesity:
development of the Healthy and Active Parenting
Programme for Early Years intervention
Workstream 2
Quantitative identification of key modifiable risk factors in focus subcohort
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Monitoring and measuring growth trajectories in multiethnic BiB cohort
Workstream 6
Feasibility trial of
intervention
Workstream 5
Development of a 
theory-based obesity
prevention 
intervention
Workstream 4
Qualitative and 
observational 
exploration 
of barriers and
facilitators of change
Workstream 3
Systematic review
The previous workstreams provided a wealth of epidemiological information about the risk factors forchildhood obesity and the types of interpersonal, contextual and environmental factors that can
influence eating behaviours. All of these are important targets for intervention. In addition, our work,
including our systematic review, highlighted the importance of considering the cultural acceptability of
interventions for different ethnicities and also the acceptability of interventions for low-income groups.
In the current workstream we describe the development of a culturally acceptable childhood obesity
prevention programme using a technique called intervention mapping.159 This has been published as a
separate paper.160
Intervention mapping refers to a rigorous and systematic approach to developing evidence-based
interventions. We followed the six key steps as follows: (1) needs assessment of parents, the wider
community and practitioners and consideration of the evidence base, policy and practice; (2) identification
of outcomes and change objectives following identification of barriers to behaviour change; (3) selection of
theory-based methods and practical strategies to address barriers to behaviour change; (4) design of the
intervention by developing evidence-based interactive activities and resources; (5) creating an adoption and
implementation plan in which parenting practitioners were trained by health-care professionals to deliver
the intervention within children’s centres; and (6) creating an evaluation plan.
A multidisciplinary intervention development team was convened that included experts in the areas of
parenting, nutrition, breastfeeding and physical activity as well as a group of experienced community
health practitioners. The group met every 6–8 weeks over the course of a 12-month period to develop
the intervention. The intervention was informed by behavioural change principles161,162 and a typology of
ways of ensuring the cultural adaptation of interventions informed the development of the intervention at
each stage of the process.163
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The overall desired outcome of the intervention was to prevent childhood obesity. The intervention was
targeted at overweight or obese pregnant mothers. Specifically, it aimed to (1) encourage mothers to
make healthy food choices antenatally and maintain a healthy diet postnatally; (2) encourage mothers to
increase their level of physical activity during pregnancy and meet the recommended guidelines for
physical activity (150 minutes of moderate-intensity physical activity per week164) within 12 months of
giving birth; (3) encourage breastfeeding (or appropriate bottle-feeding) until at least 6 months of age;
(4) encourage infants to develop healthy food preferences and a healthy dietary intake; and (5) facilitate
physical activity in infants and limit sedentary time.
Given that parenting skills were highlighted as an important predictor of later obesity (see Early risk factors
for childhood obesity), it was agreed that the intervention should be developed in conjunction with an
established community parenting programme: the Family Links Nurturing Programme (FLNP). The FLNP is
one of the preferred parenting programmes in Bradford; its aims are to develop parents’ self-esteem and
self-efficacy and their understanding of their own, and their children’s, emotional and physical needs.
Qualitative research has demonstrated that parents value the programme and feel that it has had a
positive impact on family relationships, their children’s behaviour, relationship quality and their own mental
health.165,166 This integration with the FLNP was key to ensure the sustainability of the intervention and
represented a channel to ensure delivery as part of ’usual care’ that could continue without the
involvement of the research team. The parenting aspects of the intervention developed by the FLNP aimed
to reduce the risk of child abuse and neglect, improve couple relationships, reduce stress and perinatal
depression and increase prospective parents’ understanding of child development. In recognition of this
core component of the intervention, the intervention was designed to be delivered by facilitators trained
and accredited by the FLNP [see https://familylinks.org.uk/train-with-us (accessed 8 March 2016) for details
of the training].
The final intervention consisted of six group antenatal sessions and six group postnatal sessions and
was named HAPPY (Healthy and Active Parenting Programme for early Years). It was planned that the
antenatal sessions would take place weekly, starting when the mother was at 26–28 weeks’ gestation.
Each session lasted approximately 2.5 hours. The postnatal sessions started when the infant was aged
4–6 weeks and continued at key developmental milestones (9 weeks, 12 weeks, 5 months, 7 months and
9 months). A summary of the intervention content for the antenatal sessions and the postnatal sessions
can be found in Tables 1 and 2 respectively. Each session was detailed in a facilitator manual with
step-by-step instructions on how to deliver the intervention. A 2-day training programme was developed to
supplement the existing FLNP training that practitioners had already received. This included information on
the background to the intervention mapping approach taken to develop the intervention; evidence-based
practical education on the key messages of the intervention (nutrition, infant feeding and physical activity);
time to explore the manual and practice delivering activities; and information on the importance of
intervention fidelity, including how to record deviations in delivery.
The intervention mapping process, with its focus on multidisciplinary intervention development, resulted in
the development of a multifaceted and evidence-based programme, capable of being integrated into
existing health services within a multiethnic community in the UK. To our knowledge, this is the first
childhood obesity prevention intervention of its kind with a focus on cultural appropriateness that
integrates evidence based on physiological and psychosocial data collected from the local community.
The intervention mapping process was complex, time-consuming and not without challenges.
These included managing competing interests from the stakeholder group and ensuring that the team
understood enough about the technicalities of the process to ensure that appropriate intervention
strategies were being highlighted.
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TABLE 1 Key intervention content: antenatal sessions
Session Content
1. Brain, science and bonding Parent diet: healthy diet in pregnancy; links between what you eat when
pregnant, you and your baby; links between maternal and childhood obesity;
reflection on own diet and importance of food in the family
Parent physical activity: how the baby is developing in the womb and how
physical activity can facilitate this
Breastfeeding: identifying and overcoming barriers to breastfeeding
2. A celebration of birth Parent diet: importance of eating well for the baby; dispel myths about weight
gain in pregnancy and provide up-to-date information; Smart Snacks handout;
food diaries
Parent physical activity: being active during pregnancy; discussion regarding
myths about physical activity in pregnancy
3. Personal power, self-esteem and
healthy choices about food
Parent diet: address barriers to healthy eating and plan for ways to overcome
them; signpost to cooking information points; healthy foods can be convenient
and inexpensive; impact of mother eating unhealthy foods; plan alternative
cooking methods
Parent physical activity: list activities that women think they could do, work
through from easy to difficult; gentle strengthening and conditioning exercises:
demonstration by practitioners; worries about physical activity; visualise and
positive self-talk; identify when activity can be freely integrated into normal life
Breastfeeding: advantages/disadvantages of breastfeeding and bottle-feeding;
the more you feed, the more milk is produced; encourage the identification of
an influential family member, clarify likes and dislikes, talk with family members
about these issues to enlist their support; learn more about breastfeeding skills;
overcome stigma about breastfeeding in public, stories from other mothers
4. Boundaries, beliefs and values Parent diet: additional information about snacks, food treats, swaps
Parent physical activity: back-up plan for physical activity at different times
Breastfeeding: values and beliefs about bringing up children and linking this
to breastfeeding
5. Feelings and how we communicate Parent diet: food swaps and healthy meals feedback; identify vulnerable points
in time and have contingencies for when want unhealthy foods
Parent physical activity: partners review their progress with regard to the
collaborative plans made for physical activity in session 4; discussion about
feelings relating to whether or not activity plans were fulfilled
6. Beyond labour day Parent diet: identify someone at home/friend to discuss food habits with
Parent physical activity: pelvic floor exercises for immediately after pregnancy if
uncomplicated; what activities are OK after pregnancy
Breastfeeding: how to make up bottle correctly; signpost to health
professionals; environmental changes: clothes that facilitate feeding; locations
nearby; family members can do other things with the baby (than formula feed),
e.g. bottle-feed using expressed milk; infant diet: planning ahead
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TABLE 2 Key intervention content: postnatal sessions
Session Content
7. A celebration of birth (4 weeks) Parent diet: information about what a healthy diet should consist of; food diaries;
reflect on own diet and importance of food in the family
Parent physical activity: what activities are OK after pregnancy; gradually introduce
more strenuous activity; leaflet with activity examples; physical activity for new mums
quiz sheet; practitioner dispels myths
Breastfeeding: reinforce that the more you feed, the more milk is produced;
identifying someone to obtain support from; responsive feeding
Infant physical activity: guidelines for baby activity; myths about physical activity for
babies and infants; practitioner dispels myths; weekly age-appropriate activities;
encourage structured and unstructured play
8. Bringing structure to your life
(2 months)
Parent diet: healthy eating for parents vs. children; reflect on own eating patterns
and provide ideas; balancing diet and avoiding takeaways
Parent physical activity: likes/dislikes about physical activity; activities for after
pregnancy; identify barriers; integrating activity into normal life; small changes to
family environment; structured activities in the house; the local area; self-talk and
visualisation; choose a physical activity to learn or can already do
Breastfeeding: identifying barriers; concerns about feeding baby; how to deal with
life while trying to feed; encourage asking for help to enable breastfeeding to
continue and other things to be accomplished
Infant diet: introducing solids: why and when; follow signs of readiness for weaning
Infant physical activity: structured play activities in the house without expensive toys;
introducing games; recognising when baby wants to play; being flexible with
playtime; making baby-active time a priority
9. Feeding and feelings (3 months) Parent physical activity: identifying and addressing barriers; coping planning; the
’Pram Pedometer Challenge’
Infant diet: what food and drinks to give; weaning: how to do it – texture and
variety, developmental stages, equipment; repeated exposure and coping with food
refusal; consequences of an unhealthy diet; facial expressions and tongue thrusting
Infant physical activity: importance of other family members engaging the baby in
activity; weekly age-appropriate activities for baby and mum; making home
modifications to improve child physical activity and/or eating
10. Families and food (5 months) Parent diet: feeding a family – what does it take; meal planning; shopping lists;
healthy foods can be convenient and inexpensive; reading food labels; impact of
mother eating unhealthy foods
Parent physical activity: review of group progress and setting goals for
forthcoming weeks
Infant diet: eating together; modelling behaviour and feeding role of family and
parents; time issues with food planning and preparation
Infant physical activity: discussion of television watching; entertaining baby/keeping
baby safe when doing chores; doing activity as a family; weekly age-appropriate
activities for baby and mum are demonstrated and practised; how to baby proof
your house for safe physical activity
11. Making the most of your day
(7 months)
Parent physical activity: review of group progress and setting goals for
forthcoming weeks
Infant diet: weaning: how it’s going, introducing lumps
Infant physical activity: visualisation and self-talk to build confidence; discussion of
barriers and how to overcome them; planning for meal preparation, infant napping
and active play; when can activity be integrated into normal life; environmental
changes; weekly age-appropriate activities for baby and mum are demonstrated and
practised; revisit discussion of sedentary behaviour and use of television
A CULTURALLY APPROPRIATE INTERVENTION TO PREVENT CHILDHOOD OBESITY
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TABLE 2 Key intervention content: postnatal sessions (continued )
Session Content
12. Continuing the HAPPY journey
(9 months)
Parent physical activity: review of physical activity achievements; reflect on
experiences; plan for physical activity in the future; include follow-up monitoring
plan by practitioners; announce group winners
Infant diet: keeping motivated to feed family well
Infant physical activity: structured play activities in the house; involving family and
friends with infant play; what local area has to offer; baby proof your house in a
physical activity-friendly way; weekly age-appropriate activities; planning for after the
parenting programme; joining mum and baby activity groups; signposting and
goal-setting
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Having developed the HAPPY intervention, the current workstream aimed to test its feasibility andacceptability in a feasibility RCT (Phase II trial). We also aimed to provide information to inform the
development of a full RCT (Phase III trial). The results of this feasibility RCT have been reported in a
published article.167
The specific objectives of the feasibility trial were to (1) establish the number of eligible participants in a
maternity unit setting and an achievable recruitment rate; (2) establish the follow-up and attrition rates for
the control and intervention groups; (3) assess the acceptability of the randomisation strategy and
measurement tools; (4) determine whether or not data required for economic analysis can be collected
reliably; (5) determine the primary outcome measure to estimate effect size and intraclass correlation
coefficients to enable an accurate sample size calculation for a full trial; (6) assess the acceptability of the
HAPPY intervention to parents and facilitators; (7) evaluate the fidelity of programme implementation and
delivery by facilitators and (8) establish the capability and capacity of children’s service providers to deliver
and incorporate the intervention into their programme of work.
An individually randomised controlled feasibility trial with blinded assessment was conducted. Inclusion
criteria were being overweight or obese (having a BMI of ≥ 25 kg/m2 at the time of the pregnancy
booking visit), being at least 18 years of age, able to attend intervention sessions and able to understand
intervention sessions in the English language. Eligible participants were randomised to either an intervention
group or a control group (usual care) in a 1 : 1 ratio stratified by maternal BMI (25–29.9 kg/m2/≥ 30 kg/m2),
ethnicity (South Asian/other) and parity (first child/at least one other child). Participants completed
questionnaires at baseline (T0, prior to randomisation, approximately 24 weeks’ gestation) in their home
and again when their baby was 6 months old (T1, approximately 10 months after baseline, telephone
interview) and 12 months old (T2, approximately 16 months after baseline, in person). Observations,
qualitative interviews and structured questionnaires with facilitators were used to explore acceptability and
fidelity. The trial was approved by the Bradford Research Ethics Committee (reference number 11/YH/0458)
(trial registration number ISRCTN56735429).
The recruitment rate of those screened with a BMI of ≥ 25 kg/m2 was 30% (120/396). A Consolidated
Standards of Reporting Trials (CONSORT) flow diagram can be found in Figure 2. Retention at 12 months
was 66% for the intervention group and 75% for the control group. Of the 59 allocated to the intervention,
26 (44%) attended at least one antenatal appointment (attending on average 4.8 sessions) and 18 (31%)
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Eligible BMI
(n = 396)
Invited to take part
[n = 384 (97.0% of above)]
Agreed to take part
[n = 265 (69.0% of above)]
Baseline assessment
[n = 120 (45.3% of above)]
Randomised
Excluded
(n = 12)
• Physical or mental health
   condition, n = 10
• Under 18 years, n = 2
Declined screening
(n = 119)
Reasonsa
• Too busy, n = 40
• Not interested, n = 15
• Already a parent, n = 12
• Work commitments, n = 8
• Language problems, n = 7
• Other, n = 10
• Was not asked (owing to
   clerical error), n = 37
Did not complete baseline
assessment
(n = 145)
Ineligible
• BMI < 25 kg/m2, n = 2
• Fetal abnormality, n = 2
• Language problems, n = 11
• Moved away, n = 2
• Suffered miscarriage, n = 7
Declined when 
contacted, n = 44
Unable to contact, n = 54
Contact not attempted, n = 23b
Allocated to intervention
(n = 59)
• Attended at least one antenatal session, n = 26
   • 1 session, n = 2
   • 2 sessions, n = 3
   • 3 sessions, n = 0
   • 4 sessions, n = 2
   • 5 sessions, n = 5
   • 6 sessions, n = 14
• Attended at least one postnatal session, n = 18
   • 3 sessions, n = 5
   • 4 sessions, n = 3
   • 5 sessions, n = 4
   • 6 sessions, n = 6
Did not receive allocated intervention, n = 33
Withdrew from intervention, n = 7
6-month telephone follow-up
completed (71%) n = 42
lost to follow-up (29%) n = 17
• could not contact, n = 15
• withdrew, n = 2
12-month follow-up
completed (66%) n = 39
lost to follow-up (34%) n = 20
• out of area, n = 1
• could not contact, n = 13
• withdrew (cumulative), n = 6
Primary outcome (child’s weight)
• Analysed, n = 38
• Excluded from analysis, n = 1
   (missing data)
Secondary outcomes
• Analysed, n = 38
Allocated to control
(n = 61)
6-month telephone follow-up
completed (67%) n = 41
lost to follow-up (33%) n = 20
• could not contact, n = 18
• withdrew, n = 2
12-month follow-up
completed (75%) n = 46
lost to follow-up (25%) n = 15
• out of area, n = 1
• could not contact, n = 10
• withdrew (cumulative), n = 4
Primary outcome (child’s weight)
• Analysed, n = 40
• Excluded from analysis, n = 6
   (missing data)
Secondary outcomes
• Analysed, n = 46
FIGURE 2 Consolidated Standards of Reporting Trials (CONSORT) flow diagram of study recruitment and retention.
a, A small number of women ticked more than one reason, so totals add up to 129; b, recruitment target reached.
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attended at least one postnatal session (average 4.6 sessions). Participants expressed some burden with
regard to the baseline questionnaire assessment, particularly around the self-reported assessment of diet
and physical activity. Responses to randomisation were mixed and there was some evidence that women
were unsure of the reasons why they had been asked to take part, highlighting some problems with
effective communication during the screening period. We found no problems with collecting economic data
(service use and quality of life) at either the 6-month or the 12-month follow-up period.
We explored a range of appropriate possible outcome measures: age- and sex-adjusted z-score at
12 months; conditional weight gain > 1 centile band; conditional weight gain > 2 centile bands; and
weight > 85th centile at 12 months. Analysis indicated that any could be considered in a future Phase III
trial. The adjusted effect size using age and standardised weight z-score at 12 months was 0.25 (95% CI
–0.16 to 0.66, adjusted for maternal BMI, parity and ethnicity), favouring the intervention. After discussion
with a range of clinical experts, with regard to the sample size calculation, we felt that it was important in
the definitive trial to take into account the ideal minimum clinically important difference (MCID) and also
ensure that the follow-up period would be long enough to give confidence in the sustained impact of the
intervention. We selected a MCID of 0.3 BMI SDS at 24 months as the effect size for our Phase III trial.
Participant and facilitator reaction to the intervention content was positive overall. For those in the
intervention group there were no associations between attendance at intervention sessions and maternal
age, gestational age, parity, booking BMI or ethnicity. Reasons for non-attendance at intervention sessions
were explored with seven mothers. Some mothers (3/7) knew from the start of the project (e.g. baseline
visit) that they would not be able to attend sessions because of work commitments or other concerns.
Others found attendance difficult because of the timing and locations of the sessions.
Fidelity as assessed by observations of sessions and facilitator logs was high. There were some issues with
certain sessions with facilitators feeling that there was too much content to cover in the time allotted, but
on the whole facilitators rated delivery as straightforward/easy. Facilitators expressed some disappointment
at the low numbers of women attending the sessions (ranging between two and six respondents
per session).
Each intervention session was delivered by two parenting programme facilitators and required 4.5 hours of
facilitator time in total (2.5 hours delivery, 1.5 hours preparation, 30 minutes contacting families). This
amounted to typical staff costs of £142 per session, assuming a mix of seniority. All rooms were provided
free of charge in local children’s centres. Training time of 3 days per facilitator was required to allow them
to deliver the intervention. One-off materials required to run the group (e.g. manuals for facilitators,
reference books and DVD) cost £425 and materials for individual participants (e.g. parenting puzzle book,
small gifts such as magnets, gift for child) cost £36 per participant. The total cost of staff time to deliver
the training was £1163.
The feasibility trial suggests that recruitment and measurement for a definitive trial is feasible and that the
HAPPY intervention is acceptable to parents and facilitators. Our experiences of recruitment are in line with
those in other similar studies168–171 and our process evaluation has identified valuable areas to consider to
improve intervention attendance. For example, participants allocated to the intervention who engaged
early (i.e. came to the first session) were likely to continue to attend future sessions. However, there was a
high overall attrition rate, with many participants lost early. This was largely because the team was unable
to make contact with participants (after multiple attempts to call, visit homes and search GP records).
It is clear that multiple methods of contact need to be collected at baseline and then during every
subsequent assessment, including contacts for extended family members, friends and neighbours. One
option that we plan to explore for a definitive full trial is the possibility of obtaining e-mail addresses and
social media identities, which would be validated at recruitment. In addition, qualitative data from
participants also indicated that not all of those recruited fully understood the requirements of being
involved in the trial. As a consequence, some were not committed to being involved.
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Based on our learning and other similar trials of complex interventions, we recommend a range of
strategies to maximise intervention attendance and ensure optimal group sizes for the full trial. First, it is
important for research midwives to provide more information at screening and recruitment about the
nature of the trial and the expectations of participants. It is hoped that this will avoid the problem of
recruiting individuals who are not committed or who are not likely to participate in the intervention should
they be randomised. Second, post-randomisation home visits by facilitators should be planned to meet
participants and set expectations about the intervention and to encourage attendance at the first
intervention session.
We found that recruitment through research nurses is feasible and this has enabled us to set realistic
recruitment targets for future centres who might be involved in a full trial. Within the current feasibility
study we recruited an average of 13 participants per month despite a slowing of recruitment experienced
during the month of Ramadan. Given that many larger maternity units recruit to competing trials,
we believe that a realistic recruitment target of around nine women per month would be feasible.
This feasibility study has a number of important lessons for the planned definitive trial. We found that
recruitment and study attrition rates were in line with those in other similar trials. On the whole,
measurement tools and randomisation posed no major problems for study participants, although there
were some issues with the assessment of potential secondary outcomes for physical activity. Participants,
facilitators and service providers found the intervention to be useful and the fidelity of implementation was
high. Although there was a high dropout rate for the initial intervention session, our findings suggest that
those who attended the first session were likely to continue attending.
The current findings were considered sufficiently encouraging to develop a definitive Phase III trial.
A funding application is currently under way.
One of the biggest challenges of the Phase II trial was setting up intervention groups of 8–10 women who
were within 6 weeks’ gestation of each other and who lived in close proximity to one another. As a result,
groups often did not run to capacity. This clearly impacted on costs and had an impact on the group
dynamics. In response, we have changed the design so that, instead of conducting individual randomisation,
clusters of 10 women will be allocated to the intervention or control together so that groups can be
delivered to capacity (with individual randomisation, if it is feasible to recruit only 10 women within 6 weeks,
there would not be enough to run a group after randomisation is considered). In addition, we plan to deliver
the intervention in a central location with good transport links (similar to other antenatal classes) so that we
do not have to wait for sufficient numbers of women to be recruited from a given postcode.
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Conclusions and recommendations
Summary
This research programme has successfully achieved its principal aim of studying the patterns and aetiology
of childhood obesity in a multiethnic population and has used this evidence to develop and pilot an obesity
prevention intervention for early infancy. The programme completed almost all of its original objectives on
time and on budget. A 9-month ’waiting period’ for 1-year weight outcomes was not factored in to the
original grant timetable and so has created some no-cost delay with regard to the results of the
feasibility trial.
The programme has promoted strong involvement of participants and practitioners. Almost 2000 families
have been recruited into the study and they have been closely followed up for 3 years. Their enthusiasm
for the research and altruism they have shown in providing information and participating in activities have
been a constant source of motivation for the research team. These Bradford families have donated
considerable amounts of time and shared their thoughts with the research team. This has enabled us to
build up a detailed picture of the pattern of their lives and the interactions that characterise their families.
This is an essential requirement if we are to understand the early risk factors for obesity.
Over 300 health visitors and 100 midwives were actively involved in the routine growth measurements for
the study. Their role might be best described as co-producers of this research. This commitment to collect
additional data and to engage with the possibility of changing established practices reflects a deep-rooted
support for health research among this group of NHS staff. Both in this research programme and in the
wider collaborations centred on the BiB birth cohort study it has been apparent that this willingness to
engage in research and to consider changes in practice, both to facilitate research and to implement
findings, is apparent in other groups of NHS staff. The importance of having the enthusiastic support of
NHS staff and the potential for change that this produces was central to the research teams obtaining a
major Collaboration for Leadership in Applied Health Research and Care (CLAHRC) grant from the NIHR.
This implementation award allowed us to set up communities of practice for health visitors and midwives,
providing time and space for clinicians to understand and harness the rich research and routine data that
we were collecting in order to improve the quality of services. As a result of this close involvement, the
redesign of services was achieved and improvements in services were implemented.
We have brought together national academic experts from Bradford, Leeds, York, Bristol, Edinburgh,
Loughborough, Durham and London to establish a strong multidisciplinary research network. Over the
course of 5 years we have pooled our experience to develop a robust but pragmatic approach to
improving the understanding, monitoring and prevention of childhood obesity. This critical mass of
academic experts has provided a strong partnership for further research capacity building. This has led to
synergistic grant awards totalling over £4M from the NIHR, Medical Research Council, Diabetes UK, British
Heart Foundation, Child Growth Foundation, Lullaby Trust (formally the Foundation for Sudden Infant
Death Syndrome; FSID) and European Union covering a range of research from biomedical science to
implementation science. In addition to the HAPPY feasibility trial we were successful in obtaining NIHR
funding for another pilot trial of preschool play in the playground to increase physical activity in early life.
The programme has provided a research platform for five Master’s students and five PhD students and has
led to one Medical Research Council postdoctoral fellowship.
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We are continuing to write up all of our new findings but so far > 16 papers have been accepted for
peer-review publication and 36 abstracts have been published. Our Healthy Weight app is on iTunes and
there is considerable interest from the children’s centres involved in the feasibility trial in terms of using the
HAPPY intervention. Our results on South Asian cut-off levels for BMI have informed the latest National
Institute for Health and Care Excellence (NICE) guidance on assessing BMI in minority ethnic groups
(NICE PH46).172 We have had strong media interest in our results with items on BBC television news and
Radio 4 as well as on local radio stations and in local newspapers [see www.borninbradford.nhs.uk/
the-biB-film-photography-and-poetry-gallery/ (accessed 16 March 2016)].
Conclusions from our research
The programme was successful in establishing a new childhood obesity cohort with longitudinal data
collection in BiB1000. This cohort has provided a sample for the NIHR programme to develop an
understanding of the predictors of and influences on health-related behaviours to help develop feasible
and appropriate culturally specific intervention(s) for the prevention of childhood obesity. A unique quality
of this cohort is its ethnic composition, with approximately 50% of women in the cohort being of South
Asian origin, and the fact that it includes a representative sample of women from across socioeconomic
groups within Bradford. Importantly, the cohort also provides a unique resource for the study of the
long-term consequences of growth for childhood and later adult weight. Associations between growth
and early weight and child health outcomes and educational attainment can be investigated at low cost
because of the success of linkages that have been established in Bradford with primary care and
education data.
There are a number of general limitations that should be considered as part of our overall conclusions.
Our study was undertaken in one city and, although the results are likely to be generalisable to other large
multiethnic cities in the UK, the particular white British/Pakistani composition of the BiB1000 cohort will be
unique to Bradford. Prospective birth cohort studies are one of the most robust epidemiological study
designs for investigating the aetiology of ill health. However, the observational nature of the design
prevents any claims of causal attribution. Our qualitative studies have limitations in terms of the small
sample sizes and generalisability and cannot provide quantitative predictions. Our pilot trial is by its nature
preliminary and we found difficulties with recruitment and poor initial attendance.
The growth data collected as part of the BiB1000 study, supplemented with routine measurements
collected by health workers in the community, provided a comprehensive and reliable data set to
investigate growth in infancy and the development of obesity in childhood. For the first time in the UK we
estimated weight and length growth trajectories between birth and 2 years for Pakistani boys and girls and
found that they were lighter and had a shorter predicted mean length at birth than their white British
counterparts, but gained weight and length more quickly in infancy. By age 2 years both ethnic groups
had a similar weight but Pakistani boys and girls were taller on average than white British boys and girls.
These differences in postnatal growth were not explained by maternal height, smoking during pregnancy
or gestational age. We also developed data-driven prediction equations for risk of childhood obesity and
incorporated them into a mobile phone app, thereby providing proof of concept that childhood obesity
prediction research could be integrated with advancements in technology to deliver a clinically relevant
tool to practitioners.
We found ethnic differences in breastfeeding, infant diet and sleeping patterns and in the types of physical
and sedentary activities that the children engaged in. There was also evidence of dietary patterns that
emerged at 12 months tracking to 18 months. Once established these patterns may become ingrained and
difficult to change. There was little evidence that parenting styles differed between ethnic groups. It is
important to understand ethnic differences in modifiable risk factors for childhood obesity so that
interventions developed to reduce childhood obesity can be culturally adapted.
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Linear and Poisson regression was used to determine the relative risk between risk factors and infant
overweight. Smoking during pregnancy, maternal BMI, feeding style and parenting style were all
associated with infants’ BMI at age 3 years. However, the associations between these risk factors and
childhood BMI did not vary by ethnicity. Interventions to reduce childhood obesity should target smoking
and maternal weight in the antenatal period and postnatally encourage the adoption of warmer, less
hostile parenting styles and stricter approaches to feeding.
Our systematic review of diet and physical activity interventions to prevent or treat obesity in South Asian
children and adults identified 29 studies, seven in children, 21 in adults and one in a mixed-age
population. Meta-analysis of a limited number of controlled trials found an unclear picture of the effects of
interventions on BMI for South Asian children. Meta-analyses of a limited number of controlled trials
showed significant improvement in weight for adults but no significant differences in BMI and waist
circumference. One high-quality study in South Asian children found that a school-based physical activity
intervention that was delivered within the normal school day and which was culturally sensitive was
effective. There was also evidence of culturally appropriate approaches to, and characteristics of, effective
interventions in adults, which we believe could be transferred and used to develop effective interventions
in children.
Our qualitative and observational studies exploring the influence of the family and neighbourhood settings
identified a major gap in the cultural appropriateness of current measures and existing interventions for
South Asian families living in the UK. Interventions need to consider how parents, in particular mothers,
negotiate between the many factors that influence their behaviour, including cultural and family
influences. That negotiation will be aided by interventions that support the development of self-efficacy
and which offer support in how to evaluate the wide variety of advice that parents receive. Knowledge of
the types and quantities of foods and drinks in family homes supports the development of intervention
programmes that target an improvement in the foods available, both for obesity prevention or
management and for overall diet improvement. Specifically, increasing the consumption of fruits and
vegetables and reducing the consumption of sweetened drinks, crisps and biscuits should be a target.
The stronger association between deprivation and fast-food density than obesity argues for more detailed
accounts of the obesogenic environment that include measures of individual behaviour. The proliferation
of fast-food outlets has public policy relevance and should be considered in planning applications.
Intervention mapping provided a feasible approach to developing a complex health behaviour change
intervention (HAPPY). The approach was used to produce a transparent and replicable intervention
whereby mechanisms of change can be investigated and identified and strategies used to manipulate them
can be appropriately refined. Integration with the existing FLNP allowed the HAPPY intervention to access
and utilise the expertise of existing parenting programme co-ordinators to deliver the intervention, thus
increasing sustainability.
The HAPPY intervention was evaluated in a pilot RCT and was found to be feasible and acceptable.
However, the recruitment rate was low and attrition between randomisation and intervention attendance
was high. The full trial should address the importance of ensuring that women understand fully the nature
of the research. To reduce attrition multiple methods of contact need to be collected at baseline and then
during every subsequent assessment, including contacts for extended family members, friends and
neighbours. A 24-month primary end point should be used to evaluate the longer-term effect of
the intervention.
A proposal for a full multisite cluster RCT has incorporated these strategies and has been submitted for
funding to evaluate the cost-effectiveness of the HAPPY intervention.
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Recommendations for research
BiB1000: a cohort for the study of childhood obesity
l Funding should be sought to support the follow-up of this unique multiethnic child growth cohort to
investigate the associations between early life exposures and later child and adult obesity.
l Data linkage to national child measurement data should be undertaken to describe growth trajectories
of the children to reception year and year 6. This provides a low-cost method for capturing subsequent
BMI data and an opportunity to rerun analyses of associations of modifiable risk factors with
later outcomes.
Child growth
l Reliability checks including external observation of intraobserver and interobserver error should be
considered to measure the accuracy of routine growth data.
l Further replication of our findings regarding ethnic differences in weight and length growth trajectories
in infancy is needed.
l Research is needed that explores longer-term follow-up of these growth trajectories and examines the
associations with a range of anthropometric and clinical outcomes.
l Further research is also needed to understand the genetic and environmental factors that might explain
these differences.
l Further validation of the mobile phone app in other populations is needed and qualitative work is
needed to understand how the mobile phone app is received by health-care practitioners.
Ethnic differences in risk factors for childhood obesity
l Despite higher rates of breastfeeding initiation and continuation to 4 months in minority ethnic groups,
there is no evidence of ethnic differences in exclusive breastfeeding rates at 4 months. Therefore,
interventions to increase exclusive breastfeeding rates need to target all ethnic groups.
l In light of the introduction of inappropriate foods during infancy and evidence of tracking of dietary
patterns between infancy and toddler age, healthy eating advice should be offered to parents before
weaning begins to maximise the possibility of establishing healthy feeding patterns.
l Obtaining data on 24-hour sleep patterns (not just night-time sleep) is vital for ethnic comparisons.
l Future research on the impact of school times on constraining sleep duration of Pakistani children and
its consequences in middle childhood should be explored.
l Interventions in the early years should focus on parental behaviours and attitudes and barriers to their
child’s physical activity.
l Early years interventions should support parents to encourage their child’s physical activity; this is likely
to include playing actively with their children and taking them to places where they can be
physically active.
l Further research is needed to investigate the association between early parenting and later childhood
health, growth and behaviour.
Determinants of childhood obesity
l Further research is needed to investigate differences between questionnaire responses and results from
direct observation of child–feeding interactions.
l More evidence on behaviour (purchase and consumption) and the use of transport for shopping is
critical in developing our understanding about the role of fast-food outlets in the development
of obesity.
l GIS methods should be used to investigate the association of green space exposure with physical
activity and childhood obesity.
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Systematic review
l We have described the types of interventions that show promise but we do not know which specific
intervention components are effective. We recommend that more obesity interventions targeting South
Asian populations are developed, particularly those targeting preschool children and their families.
These studies should report (1) how interventions are culturally adapted; (2) the types of behaviour
change techniques and theories that are used to underpin interventions; (3) anthropometric
outcomes by measures of socioeconomic status; and (4) implementation and running costs. These
recommendations would enable reviewers to assess how behaviour change techniques and theories
moderate effectiveness, assess the equity impacts of interventions and examine explanations for
heterogeneity between interventions.
l The development of effective interventions may well require a great deal of qualitative and quantitative
research on knowledge, attitudes, behaviours and perceptions.
l More research is needed into the differential effects of lifestyle interventions in South Asian populations
and other ethnic populations. The general approach so far has been to culturally adapt existing
interventions; however, there may well be a need to develop new interventions from first principles.
Obesity intervention trial
l Further research is needed to explore how to engage overweight mothers and motivate them to attend
group-based intervention sessions and how to maintain attendance over time. Intervention sessions
need to be planned in advance, allowing mothers a choice of dates and enabling facilitators to book
protected time to run the sessions.
l Future research should investigate the impact of different methods of recruitment (e.g. geographical vs.
centralised) on intervention attendance and attrition.
l A full-scale multisite cluster RCT should be conducted to examine the effectiveness and cost-effectiveness
of the intervention. This should incorporate lessons from the pilot trial about recruitment and retention
and include a longer-term primary end point.
l Exploration of the best ways of translating knowledge and skills surrounding behaviour change to
parenting practitioners would be beneficial to make maximum use of interactions surrounding lifestyle
behaviour change. Further research is required to explore whether or not the HAPPY intervention
materials can be adapted into other lower-cost means of dissemination (e.g. self-directed internet
resources) and whether or not this offers an additional cost-effective means of intervention.
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Appendix 2 Further details of data
collection instruments
2.1: Interview schedule (social and environmental determinants
of childhood obesity)
Ask about how baby’s development is going, is baby feeding and growing as she thought he/she should.
Ask about what goes on in a typical day in relation to baby’s feeding (if they say they can’t think of a
typical day ask them to talk about yesterday).
Breastfeeding
Was baby ever breastfed?
l If no: prompt – what made you decide not to breastfeed?
l Is baby still being breastfed?
¢ Does baby get anything else other than breast milk?
l How old was baby when you stopped giving just breast milk?
¢ What made you decide to stop just breastfeeding?
Feeding/weaning
l What did/do you give baby? (details of food and drink)
l How often/what amounts?
l How did you decide what to give and how often and how much to give?
l How has what is given changed as baby has got older?
l Do you cook and prepare baby’s food yourself or buy pre-prepared food? (prompt for details of what is
cooked and what is bought)
Other topics
1. How has the experience of baby been in relation to feeding?
2. Has baby been ’easy’ or difficult? [if they have had another child ask how this baby was compared
with the previous one(s)]
3. Can you describe mealtimes in your house:
– Prompt: Eat at same times? Sit with family when eat?
– Does family eat together?
– Eat food prepared yourself or prepared food?
– Do different family members eat different foods?
4. Who does the food shopping in your family?
– Who decides what you will eat on any day?
– Who does the cooking?
– Does the regular shopper/cooker also buy and prepare baby’s food?
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5. Is baby regularly looked after by someone else, either when you are at work or for any other reason?
If yes then ask:
– Who looks after baby, where?
– Do they feed baby – if yes, what do they give baby (food and drink), how often and how much
(this includes being looked after in the family home by extended family members)? Do you decide
what baby gets to eat when he/she is away from you or do they?
6. Are you happy with how baby has been growing?
– Has baby been healthy or ’sickly’ – does baby sleep well?
– Do you think baby looks the right size for age (e.g. compared with others of the same age or with
any previous children you have had)?
7. What do you think are the important things that need to happen to keep baby healthy (e.g. eating
well, growing, sleeping well, somewhere warm and safe to be, lots of care and attention)?
8. If you are not sure what to do with baby or if you are worried about something who do you go to for
advice (e.g. family members, friends, other mums, health professionals)?
9. Who do you think influences you when you are making decisions about bringing up baby?
How strongly do they influence you? – you can choose as many as you like from this list.
Strong influence An influence
Baby’s father
Your mother
Others in your family
Baby’s father’s mother
Others in baby’s father’s family
Your friends
Other mums you know
Health professionals (list them)
Children’s centre staff
Other professionals (list them)
Things you read in papers/magazines/books
Things you hear on the radio or see on TV or the internet
Others (please list them)
10. Has there been one person in particular who has been a particular help/support with baby? If yes,
who? (don’t need a name – just title, e.g. mother, health visitor).
Interviewer: Take some field notes just after you leave the house – that is, record details of where the
interview took place, who was there (was baby there), what the room and the house and the street were
like, whether there were toys around. How confident did you feel that mum was being open with you?
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2.2: Mealtime observation schedule coding scheme
BOX 1 Coding categories for parent behaviours
Positive parent behaviours
l Praise.
l Contact.
l Specific instruction.
l Vague instruction.
l Prompt.
l Eating comment.
l Presentation of food.
l Removal of food.
l Social attention.
Negative parent behaviours
l Aversive contact.
l Aversive specific instruction.
l Aversive vague instruction.
l Aversive prompt.
l Aversive eating comment.
l Aversive social attention.
Source: Sanders MR, Le Grice B, Turner KMT. Mealtime Observation Schedule: an Observer’s Manual (rev. ed.).
Unpublished technical manual. Brisbane: Behavior Research and Therapy Centre, University of Queensland; 1993.
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2.3: Home food availability inventory
Foods in your home
Please tell us whether you have had any of the following foods or drinks in your home over the past
7 days. Estimate the amount of food based on the greatest amount that you had in your home in
that period.
Use the pictures on the guidance sheet to help you work out the sizes.
Tips for filling out this form:
l Individual fruits are single pieces (e.g. one apple, one banana).
l Individual tomatoes refer to regular-sized tomatoes. If you have cherry tomatoes, count each one
as two.
l A medium can of coke has 330ml of coke.
l One handful of crisps is about the same amount as a regular individual-sized bag of crisps.
l Half a handful of salted nuts is about the same amount as a small individual-sized bag of peanuts.
There are also tips at the bottom of the table to help you decide how much you have of each item.
Remember: There are no wrong or right answers.
BOX 2 Coding categories for infant behaviours
Positive child behaviours
l Request for food.
l Food preparation.
l Self-bite.
l Prompted bite.
l Chew.
l Appropriate verbal interaction.
l Engaged activity.
Aversive child behaviours
l Food refusal.
l Vomit.
l Playing with food.
l Leaving the table.
l Holding food.
l Non-compliance.
l Complaint.
l Aversive demand.
l Negative physical behaviours.
l Oppositional behaviour.
l Non-interaction.
Source: Sanders MR, Le Grice B, Turner KMT. Mealtime Observation Schedule: an Observer’s Manual (rev. ed.).
Unpublished technical manual. Brisbane: Behavior Research and Therapy Centre, University of Queensland; 1993.
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Food/drink Description Size Amount
Fruits
1. Bananas Fresh Individual 0 1–3 4–10 > 10
2. Apples Fresh Individual 0 1–3 4–10 > 10
3. Melon Fresh Whole melon 0 1/2 1 > 1
4. Grapes Fresh Handful 0 I –3 4–10 > 10
5. Oranges Fresh Individual 0 1–3 4–10 > 10
6. Pears Fresh Individual 0 1–3 4–10 > 10
7. Peaches Fresh Individual 0 1–3 4–10 > 10
8. Canned fruit in syrup Any fruit Medium-sized can 0 1 can 2–5 > 5
9. Canned fruit in juice/water Any fruit Medium-sized can 0 1 can 2–5 > 5
10. Plums Fresh Individual 0 1–3 4–10 > 10
11. Kiwis Fresh Individual 0 1–3 4–10 > 10
12. Pineapple Fresh Whole pineapple 0 1/2 1 > 1
13. Berries or cherries
(including strawberries)
Fresh or frozen Handful 0 1 2 > 2
14. Grapefruit Fresh Whole grapefruit 0 1/2 1–3 > 3
15. Fruit salad Fresh Cup/handful 0 1–3 4–10 > 10
16. Dried fruit (e.g. raisins, apricots) Cup/handful 0 1 2 > 2
Vegetables
17. Carrots Fresh or frozen Individual 0 1–3 4–10 > 10
18. Celery Fresh Individual stick 0 1–3 4–10 > 10
19. Greens/spinach Fresh or frozen Cup/handful 0 1 2 > 2
20. Lettuce Fresh Individual head or
mixed bag
0 1 2 > 2
21. Sweet maize Fresh or frozen Cup/handful 0 1 2 > 2
22. Peas Fresh or frozen Cup/handful 0 1 2 > 2
23. Tomatoes Fresh Individual 0 1–3 4–10 > 10
24. Tomatoes Canned Medium can 0 1 2–5 > 5
25. Broccoli Fresh or frozen Florets/head 0 1–3 4–10 > 10
26. Green beans Fresh or frozen Cup/handful 0 1 2 > 2
27. Cabbage Fresh Whole cabbage 0 1/2 1 > 1
28. Other vegetables including
aubergine, okra, etc.
Fresh Cup/handful 0 1/2 1 > 1
29. Canned vegetables Any vegetable Medium-sized can 0 1 can 2–5 > 5
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Food/drink Description Size Amount
Snacks
30. Crisps, tortilla chips All varieties Handful 0 1–3 4–10 > 10
31. Salted nuts Including peanuts Handful 0 ½ – 3 4–10 > 10
32. Biscuits All varieties Medium-sized pack 0 1–15 16–30 > 30
33. Sweets Hard and soft Handful 0 1 2–5 > 5
34. Chocolate All varieties Medium-sized bar
or handful
0 1 2–5 > 5
35. Cakes, muffins All varieties Medium portion 0 1–3 4–10 > 10
36. Ice cream All varieties Medium tub 0 1 2 > 2
Drinks
37. Fizzy drink (e.g. cola) Not diet Medium can/bottle 0 1–5 6–10 > 10
38. Fizzy drink (e.g. diet cola) Diet Medium can/bottle 0 1–5 6–10 > 10
39. Sports drink All varieties Medium bottle 0 1–5 6–10 > 10
40. Fruit drinks Not 100% fresh Medium can/bottle 0 1–5 6–10 > 10
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Appendix 3 Full texts of publications that are not
open access
The reliability of routine anthropometric data collected by
health workers: a cross-sectional study
Reprinted from Int J Nurs Stud, vol. 46, Johnson W, Cameron N, Dickson P, Emsley S, Raynor P,
Seymour C, Wright J. The reliability of routine anthropometric data collected by health workers:
a cross-sectional study 2009,70 with permission from Elsevier.
© 2008 Elsevier Ltd. All rights reserved.
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Ethnic differences in the initiation and duration of breast
feeding – results from the Born in Bradford birth cohort study
Reproduced with permission from Santorelli G, Petherick E, Waiblinger D, Cabieses B, Fairley L. Ethnic
differences in the initiation and duration of breast feeding – results from the Born in Bradford birth cohort
study. Paediatr Perinat Epidemiol 2013;27:388–92.82 © John Wiley & Sons Ltd.
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Self-reported maternal parenting style and confidence and
infant temperament in a multi-ethnic community: results from
the Born in Bradford cohort
Prady SL, Kiernan K, Fairley L, Wilson S, Wright J. Self-reported maternal parenting style and confidence
and infant temperament in a multi-ethnic community: results from the Born in Bradford cohort.
J Child Health Care 2013;18:31–46.83 Reproduced with permission from SAGE.
© The Author(s) 2013.
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An exploration and comparison of food and drink availability
in homes in a sample family of White and Pakistani origin
within the UK
Bryant M, Sahota P, Santorelli G, Hill A, Wright J. An exploration and comparison of food and drink
availability in homes in a sample family of White and Pakistani origin within the UK. Public Health Nutr
2015;18:1197–205.106 Reproduced with permission from Cambridge University Press.
© The Authors 2014.
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Food outlet availability, deprivation and obesity in a
multi-ethnic sample of pregnant women in Bradford, UK
Reprinted from Social Science & Medicine, vol. 75, Fraser LK, Edwards KL, Tominitz M, Clarke GP, Hill AJ,
Food outlet availability, deprivation and obesity in a multi-ethnic sample of pregnant women in Bradford,
UK, pp. 1048–56, 2012,107 with permission from Elsevier.
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Appendix 4 Born in Bradford and the Twins
Grow Up
Photographs Ian Beesley, poems Ian McMillan. Copyright permissions for the poems and photographsare held by Born in Bradford and permission to reproduce here has been granted. All photographs are
used with the written consent of parents.
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